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Welcome to the ninth edition of Human Anatomy! This edition marks a signifieant ehange to the author 
team with the retirement of Miehael Timmons and the addition of a fine colleague and excellent writer, 
Judi Nath. 

We have made signifieant ehanges to every ehapter of the text. As a result, this book—which was already 
highly visual—is now even more visual and engaging. These ehanges will enhanee students' understanding 
of the ehapters and the intrieaeies of the human body. Our new and revised visuals will promote student 
involvement with the figures. 

In addition, the author team has revised the ehapter narratives to be even more “student friendly” with a 
lively writing style. We have repositioned figure callouts and tried to plaee all graphies on the same two- 
page spread with their anatomieal deseriptions. 


New to the Ninth Edition 


Our goal is to build on the strengths of previous editions while meeting the needs of today's students. 

The author team has paid signifieant attention to the latest researeh on the seienee of teaehing and 
learning. Our reading of this researeh has informed the revision of both the art program and text narratives 
in this edition. As a result, we believe this edition will prove even more effeetive for attraeting students' 
attention, enhaneing their understanding, and promoting their retention of anatomieal eoneepts. 


EVERY ILLIJSTRATION has been revised, either partially or totally. 

EVERY CHAPTER has been extensively rewritten to 

• Engage students with an informal, friendly approaeh 

• Reposition figure callouts for easy reading and understanding 

• Plaee figures in a logieal design that is both attraetive and effeetive 

• Plaee figures as elose to their anatomieal deseriptions as possible 

• inerease the number of bullet lists and numbered lists to better faeilitate student learning 

• Use standardized terminology of the latest editions of Terminologia Anatomiea, Terminologia Histologiea, 
Terminologia Embryologiea, and Stedman's Medieal Dietionary 

NEW ehapter Opener Clinical Cases have been added to every ehapter. These elinieal eases inerease student 
interest in the topies and vividly demonstrate the importanee of anatomieal eoneepts in the health professions. 
In addition, all of the existing Clinical Notes features, found within the ehapters, have been updated or 
replaeed to refleet current topies and the latest researeh. 

NEW Tips & Tools boxes are eoneise, eatehy memory deviees to help students easily remember anatomieal 
faets and eoneepts. 

■ NEW Key Points boxes give students a quick summary of the material discussed in the upcoming seetion of 
the ehapter. 

Improved text-art integration throughout enhanees the readability of figures with the text. 

NEW MasteringA&P features include the following: 

• Ready to Go Teaehing Modules, ereated by teaehers for teaehers, are organized around eight of the toughest 
topies in human anatomy. They provide suggestions to instmetors on which assets in MasteringA&P ean best 
be used before, during, and after elass to effeetively teaeh the topie. 

• A Coaching Aetivity for the new Spotlight Figure in Chapter 17 on the sympathetie nervous system. 

• Revised and updated Dynamie Study Modules. 


v 







Chapter-by-Chapter Revisions 

In addition to a signifieant rewriting of every ehapter vvithin the 
text, as outlined above, the following ehanges have been made in 
eaeh ehapter of the ninth edition of Human Anatomy: 

Foiindations: An lntroduction to Anatomy 

Nine illustrations either are new or have been signifieantly revised. 

All Clinical Notes within this ehapter have been revised. 

One new Tips & Tools box was added to this ehapter. 

The seetion dealing with seetional anatomy was extensively 
revised to better faeilitate student learning 

Foundations: The Cell 

Eight illustrations either are new or have been signifieantly 
revised. 

The seetions dealing with the plasma membrane, cellular 
eytoskeleton and intercellular attaehments were reorganized 
and revised to better faeilitate student learning. 

Foundations: Tissues and Early Embryology 

Sixteen illustrations either are new or have been signifieantly 
revised. 

Four new Tips & Tools boxes were added to this ehapter. 

The lntegumentary System 

Nine illustrations either are new or have been signifieantly 
revised. 

One new Tips & Tools box was added to this ehapter. 

The Skeletal System: Osseous Tissue and Bone 
Structure 

Nine illustrations either are new or have been signifieantly 
revised. 

The seetions dealing with blood and nerve supply to bones 
and faetors regulating growth were reorganized and revised to 
better faeilitate student learning. 

The Skeletal System: Axial Division 

Twenty-nine illustrations either are new or have been 
signifieantly revised. 

Two new Tips & Tools boxes were added to this ehapter. 

The Skeletal System: Appendiailar Division 

Twenty-four illustrations either are new or have been 
signifieantly revised. 

One new Tips & Tools box was added to this ehapter. 


vi Prefaee 


The Skeletal System: Joints 

The ehapter title has been ehanged from Articulations to 
joints. 

Twenty-one illustrations either are new or have been 
signifieantly revised. 

■ The seetions dealing with darthroses (freely movable synovial 
joints) and the elbow and radio-ulnar joints were reorganized 
and revised. 

The Muscular System: Skeletal Muscle Tissue and 
Muscle Organization 

Thirteen illustrations either are new or have been signifieantly 
revised. 

All seetions dealing with the mieroanatomy and the physiology 
of skeletal muscle eontraetion were extensively revised. 

One new Tips & Tools box was added to this ehapter. 

10 The Muscular System: Axial Musculature 

Fourteen illustrations either are new or have been signifieantly 
revised. 

■ The organization of the seetions dealing with muscles of 
the vertebral column and muscles of the perineum and the 
pelvie diaphragm was ehanged to better faeilitate student 
learning. 

One new Tips & Tools box was added to this ehapter. 

11 The Muscular System: Appendiailar 

Musculature 

Thirty illustrations either are new or have been signifieantly 
revised. 

Five new Tips & Tools boxes were added to this ehapter. 

12 Surface Anatomy and Cross-Sectional 

Anatomy 

Eighteen illustrations either are new or have been signifieantly 
revised. 

Four dinieal Note illustrations have been added to this 
ehapter. 

13 The Nervous System: Nervous Tissue 

The ehapter title has been ehanged from Neural Tissue to 
Nervous Tissue. 

Sixteen illustrations either are new or have been signifieantly 
revised. 

The seetion dealing with synaptie transmission was reorganized 
and revised to better faeilitate student learning. 
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14 The Nervoiis System: The Spinal Cord and Spinal 

Nerves 

Seventeen illustrations either are new or have been 
signifieantly revised. 

The seetions dealing with the spinal meninges and the 
peripheral distribution of spinal nerves were reorganized and 
revised to better faeilitate student learning. 

15 The Nervoiis System: Sensory and Motor Traets 

of the Spinal Cord 

Seven illustrations either are new or have been signifieantly revised. 

The entire ehapter was signifieantly revised to better faeilitate 
student learning. 

16 The Nervous System: The Brain and Cranial Nerves 

Thirty-four illustrations either are new or have been 
signifieantly revised. 

One new Tips & Tools box was added to this ehapter. 

17 The Nervous System: Autonomic Nervous System 

Eleven illustrations either are new or have been signifieantly 
revised. 

■ All material deseribing the anatomy of the sympathetie 
nervous system was revised to better faeilitate student learning 

A new Spotlight Figure on the sympathetie nervous system has 
been added. 

New material was added to elarify the anatomy of the 
sympathetie ganglia 

18 The Nervous System: General and Speeial Senses 

Twenty-eight illustrations either are new or have been 
signifieantly revised. 

All seetions dealing with the physiology of the general and 
speeial senses were extensively revised. 

19 The Endoerine System 

Eleven illustrations either are new or have been signifieantly 
revised. 

All seetions dealing with the physiology of the endoerine 
glands were extensively revised. 

■ All material deseribing the anatomy of the pituitary gland was 
reorganized and revised to better faeilitate student learning. 

20 The Cardiovascular System: Blood 

Eight illustrations either are new or have been signifieantly 
revised. 

One new Tips & Tools box was added to this ehapter. 



The Cardiovascular System: The Heart 


Twelve illustrations either are new or have been signifieantly 
revised. 

■ All material deseribing the anatomy of the pericardium 
and the surface anatomy of the heart were revised to better 
faeilitate student learning. 



The Cardiovascular System: Vessels and 
Circulation 


Twenty-six illustrations either are new or have been 
signifieantly revised. 

One new Tips & Tools box was added to this ehapter. 



The Lymphatie System 


Seventeen illustrations either are new or have been 
signifieantly revised. 

All seetions dealing with the development and immunological 
functions of the lymphatie eells, lymphatie vessels, and lymph 
nodes were extensively revised. 

24 The Respiratory System 


Eighteen illustrations either are new or have been signifieantly 
revised. 

The organization of several seetions was ehanged to better 
faeilitate student learning. 



The Digestive System 


Twenty-three illustrations either are new or have been 
signifieantly revised. 



The Urinary System 


Thirteen illustrations either are new or have been signifieantly 
revised. 

■ All seetions dealing with the anatomy of the nephron were 
revised to better faeilitate student learning 

All seetions dealing with the physiology of the urinary system 
were extensively revised. 



The Reproductive System 


Twenty-two illustrations either are new or have been 
signifieantly revised. 

All seetions dealing with the physiology of the male and 
female reproductive systems were extensively revised 

28 The Reproductive System: Embryology and 

Human Development 


All of the Embryology Summaries have been revised. 


Prefaee 


VII 


Onee again, the ereative talents and patienee brought to this projeet by 
our artist team, William Ober, M.D., Olaire E. Ober, R.N., and Anita 
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Olaire, and Anita worked intimately and tirelessly with us, imparting 
a unity of vision to the book while making eaeh illustration elear and 
beautiful. Their superb art program is greatly enhaneed by the ineomp- 
arable bone and eadaver photographs of Ralph T. Hutchings, formerly of 
The Royal Oollege of Surgeons of England. In addition, Dr. Pietro Motta, 
Professor of Anatomy, University of Roma, La Sapienza, provided several 
superb SEM images for use in the text. Thanks also to Dr. Ruth Anne 
O’Keefe for her excellent work on the elinieal material, and to Oolonel 
(ret) Miehael Yard of Indiana University - Purdue University Indianapo- 
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design of the ninth edition of Human Anatomy. 
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Cechvala, who eame in the midst of revisions and supported us to the 
end. Content Producer, Caroline Ayres, guided us through all the stages 
from development to pages. This text wouldnT be what it is today without 
their valuable expertise and help. 

We would like to acknowledge the many users and reviewers whose 
adviee, eomments, and eolleetive wisdom helped shape this text into its 
final form. Their passion for the subject, their eoneern for accuracy and 
method of presentation, and their experience with students of widely 
varying abilities and backgrounds have made the revision proeess inter- 
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Celebrated author Judi Nath (Fundamentals of Anatomy & Physiology and 
Visual Anatomy & Physiologý) brings a fresh voiee and a elear, engaging vvriting 
style to the Ninth Edition of Human Anatomy. The Ninth Edition continues the 
Martini legaey of a visually stunning presentation with exceptionally elear 
photographs, detailed illustrations, and eaptivating elinieal eontent. 



help instmetors find the best assets to use before, 
during, and after elass to teaeh the toughest 
topies in Human Anatomy. Created by teaehers for 
teaehers, these curated sets of teaehing tools save 
you time by highlighting the most effeetive and 
engaging animations, videos, quizzing, eoaehing 
and aetive learning aetivities from MasteringA&P. 

























































































New Study Tools 

throughout eaeh ehapter help students understand and navigate the eontent. 


NEW! Summary Boxes 


at the beginning of eaeh seetion outline 
the key points from that reading. 


►keypoint Dermal ridgesform frietion ridges, ensuring a secure grip on objeets. 
Dermal ridges also form fingerprints, a unique genetie identifier of an individual. 


► KEY POINT The position of the vvrist affeets the functioning of the hand. 
Many muscles of the forearm, therefore, affeet the aetions of the vvrist because 
(1) all of the muscles that flex or extend the vvrist originate on the humerus, ra- 
dius, and/or ulna and (2) many rrmseles that flex or extend the fingers originate 
on the radius and/or ulna. 


TIP5 & TOOL5 


Remembering the names of the epidermal layers 
of thìek skin 

A mnemonte lo hdp you remember the of the epS-dernnal tayers of 

thtek >kin, from deepto stlptrfidiì. h ' f Brcnt Spiner gáined Ucutcnant 
Cornm.míkr ,p (b.isak spiiiosym, gfdiìuloiLim h luddum, ct>meufn). 


NEW! Tips & Tools 


offer adviee on how to approaeh 
some of the toughest topies. 


TIPS & TOOL5 


] lere h a sitnpSe triek lo remember the four anterior ayperfldal fore- 

arm nmsdes originatìng from the mtdíal epìeondyle of the hamerns, 
Hold both arm$ OUt palms tonehing, Then slídeyoiir right hand ptOK- 
imally until yonr palm reaehes yonr tlboiv vvith your fingers pointing 
tovvard yoyr vvrìst With eaeh firtger representing one of the four 
musdcs, thinhPFFF: Pionator teres (indcx finger) f Ficxorcarpi radl- 

□lis (middle fingen, Pjìmarís longus (rìng finger), and Flexorcarpi 
nlnarís (little finger). 
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CLI N [CAL CASE 


NEW! dinieal Cases 


help motivate students for their 
future eareers. Eaeh ehapter opens 
with a story-based eiinieal Case 
related to the ehapter eontent and 
ends with a Ginieal Case Wrap-Up. 



CLJNLCA1 MQT[ 


Skin Ganeer 


yRIIV rfl,ndCETt, Iht >flbnorrfí 4 t grov.'th OÍ S-í. íHfllls, 

hy í-jip-'rijr* tè jUV > r?$*llGn :■ rimrUi P ínr. gh:. 

ItMAl oTjínPtínnlhr drM im bríele ihnn 

ri"j moal LO ììn-o ìt^ neanoaf jnd uìí i’o^ì: grovn tpíl jndnmotl 

íflsii àìi&z irt y« í:js vm UV wp«-ji* a ilvjvi^! l^b^l seli 


oardno-TTia: nínort nE«^ moìflst^Hìí, Ineyshojla bolreflted qcrcL;ty 

Lif|_tuwiI !:k il Ll> i-<->. 



F i;i h rr*>. i> iìhi- : ;Li: ti ViMÌH 


5 quJI-iiOiii 3 Í bntl LrirtlrMfiiÉ, tfìfl ■■.V. jnd 111.•>L Cèi: ■ n:;i : kir 

t?i!H«r. ij pii i i-i: i.^rtiTi fjrOLvth f.l vl-rrjhniil ìqi.Hrv;iUT i>Hl in Itii' 

d-piDtrrris. Thev nest jH.cn díoji n Uu' E--porcd aro« of skin 1 , t-jt 

loniítn ís‘ì ■'bíi te - tr flfler Ti^y (&n rpiMasc*Sze w Líam hon*.-. 

sntì roírijy IvíTiph nod«. flrd ofrer !o<:sl d'sf gurrmcr-i 

Mj igi'MìiìT mdanoma dtwÌ 3 pc lr me aneeytsa In thc< ‘■slj 

Lryrr Th«C rnr.¥- iY ií ffltlftm^Hj nnill iply vif i. lly mnh h hI.vJ?:+■ 

to dirtATitníK. VoSierìan' nneldnomaj omih tho mos: deflths fiom 
'J-:. r- -r ri ì í: | 


dinieal Notes appear within 

every ehapter, expand upon topies 
just discussed, and present diseases 
and pathologies along with their 
relationship to normal function. 





A Neuroanatomist f s Stroke of Insiglit 

Dr. Jìlli Taylor, 0 nsTjroansramlst 37 and a-: the iop of her fidd. Gne 
mornipg she dev'eiops athrobbing he&dadho behind her lafl eye. She then 
rtotieés that he f tho ugh ènd mOvements sre Élowmg d&wn. Sodn S-ie 
realizes herTightarm ìs paralyzed. ar.d! she is bareíy able to eall tor help. 
When sne arrive-s al Lhe hospital, shetanrsot walk, 'ialk, reEd, write, oí Teeall 
an^hiig. She "eels her spirit syjjeneer end bra :es tor eeath 

Dr. Tgylor aw r akes Jater tnat day, shoeked to be alive. £he st ll eannat 
speak or ijnderstanii speed^ or reeopnize or use numbers. She can r however, 
appfeeiate the ìrony of iier sititatlon: a neuro4clontiít (srieatì?t who >i.id es the 
hra?n) wilnossing herveryovvn b-rain ennergeney, an evoh/ing eorehrovasrd^ar 
aeddenl íCVA)cw slroke Doetors perform open br^ln iitrgery to rtmove 
j Ui?ijl: blut?d tSoi Uiet presiing on the loít srde of hor br*rn near her 

I dpg-jijyo a r ea. 



£>r, i p 


P- 448. 



ELINIJAI CASE- 



jí to the etinlesí Case Wrap-Up or? 


A Noyfoaojdlttmíst^i Stroke nf Iniight 

VnhilH 'i. ■>li lI.h 1 ‘IhlL+fJ ll.n IhI .4.% l -1 L" ~./Ii:i ■. iii.ìii. L 1 1 ■ >:|I 

sWfl':crrtfìueid 1 urF 7 il 3 nlnQ-. IhjejJM lflrìguflQE jpd ìhojg'ìE am 

lYTJkJJly osmtrÉllEd lnth*leH hemiíprwp Jth? ìVimi-i#í r i+l-eml!!] 1 *^ 

^jFfl I ij'iI -'ih-kLki pvmnh & r - lfli|ur , 'wi n flr ■ Ln+jI ljM ytiITflt 

•'li'l.i 1 ILH II .. ÍÌl'.l "KJIlll I SÌ'K.H ll U . H'llKI l',- Illill. rlll.lL-.jll 

ei'ojflr&n h 5 it-.K:íd imhí mh h«mJdtyluri. hfld w kflf-ì to 
ìim rymber^flll ovcr*>]lr í-na tc:flus: rhEJilmjr/ moeir C0rrrc( 
•jn'.'V'i'ig Lk+ rlnhL tIíe •?'' ihí ljc+fy MÌdn.ir LhpiretEhfral y>ru> 'jf 

11 -■ li-l- ìIH 17 .L+>F 11. -I'R llril! +.11 '. le- L3H 'lM I l^ll'. «ím i-L|* ' i .||I 

rMW«fy Edflk ÈyEflTL 

T#>t it-Tike ekrtnrrtd orflin el's.. tui flFitts^em ifre [■:■ 
tem i>ívj 'KL«rri5ii ■a>i _ <aiu , i5. Nr' jT jp+ttrtkIty. íhb Bblkty n* 

.-«JNln nvétF* tifw j-'iiiriH , 1 i:iish, : 1 1 kiAi il'p lir.nn Ir. 1 p: 1 ■ rjvir i.■ h »Ki« 
ih n ^'..lsV 

Dr. 1 >/kv f/flnLL fliìfllO. V St)utkr !E 1 C k" f j r, EfvD í r i- OL Fiii:, "l! 

n 

íuu mrft ifte ferah wu :■ í t-:- ed ■ 5 «c-rc l 1 ■* t r í 6 l 

í-mkF ffiAdimi n ilí-p ihp^ vaill r? rni'-*r, frmy nnp mnrr lit-Ijf rr. m w r-nhnr," 
'íIih 'ip| wril^Fi j l;r- ^.. liiiy ■:ir ■ i^-ìi -.Lí_-jI Iih' h=|:hiÌhi:i >• I -H 

o t {> ìkV’-i. A Btòif' Jì'J'.I'Jl íì Jcmmw. 



i Híiw v.vjJjjii toatJ j-ì :igi-jflirds>i"p::m:, r,r et sde a- 
Pr T.tykir'f tf*r lvm ii ijrrì by rhi rt _ Gkei 


3 W - *sr j nc-jTopfflL:J:lr , , i j-ìíl^hp ".fli-a mpEn.inrm D r rjjfleí* 


ffm iTviT/M> ^ | | 'fi ,'fl 
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dinieal Terms end every ehapter with a list of relevant 
elinieal terms and definitions. 


aphasia; A rwurolog>c3l eondition tansed hy 
d^rrrdge to diu p-o di orri. u T Uitì t>i ■ i iKaL 

are responslole for langtiage 

atajtie; Loss of rnusde eoordination in ihe 
arrns or Jegs due ÌO eeíeh-ellsr dys^um:lran. 

ehnonie traumatk eneephalopathy (CTE); 

Atraumatic brain in,ury resolting frDm 
repeateo sports-related head tT3Lima. 

cancu5SÌon: À miíd tTeLimatie hrain inj.jry 
that may be aeeompanFed by a period o+ 
urizonicÌE>usness.. 

itariventia: A ehmníe or peraìnent disorder 
ofthe rnenta? proeesses :aused ay br-ain 
diseese or injury and markeri Dy memorj? 


disorrieri, parfnnaliíy rhanges, and impai'ed 
íeaEoning. 

epidLiral hematomB: I he aroriiìíjlateori of 

bloooJ b«twetn tbe inn-er t^L>le of tLw ítuli 

and the dura mater, 

hvJrpbsiphjtiii; Aoftnditltìil rFiarkítd by dH 

excesslye 3ccumuiatlon of eeíebrosplrra! 

fJuirl vvithinthe brain v&ntri<les. 

mieroeíphíily; A bìrihi dofoet in wn eh tho 
'iifiìd elroLrmfetfeive ^ inLKh smalhr tban 
axptìded for Ihe agr *nd síí q\ tho <hild 

P*rkrnson r s díseasè; A rveijrOlogKaì disorder 
^ esL-l Lir' y fjorn a degetltìfatioil oí tfw 

dppamlnergie ncurons In the sijeis.edmlri nigra. 






















Dynamie Study Modules 


enable students to study more effeetively on 
their own. With the Dynamie Study Modules 
mobile app, students ean quickly aeeess and learn 
the eoneepts they need to be more successful on 
quizzes and exams. 




lnstructors ean now seleet which questions 


to assign to students. 



Bone and Disseetion Videos 

help students identify bones and 
learn how to do organ disseetions. 
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Praetiee Anatomy Lab (PAL™ 3.0) 

is a virtiial anatomy study and praetiee 
tool that gives students 24/7 aeeess to 
the most vvidely used lab speeimens, 
including the human eadaver, anatom- 
ieal models, histology, eat, and fetal 
pig. PAL 3.0 is easy to use and includes 
built-in audio pronunciations, rotatable 
bones, and sirrmlated fill-in-the-blank 
lab praetieal exams. 



LT V I a Un=hii' -Pjii. ■•biiì.DB SlhiI Ie 4 

dikIì 


w. n-TnrE mtm 


Additional assignable MasteringA&P 
aetivities indude: 

• Bone & Disseetion Coaching Aetivities 

• A&P Flix Aetivities for Anatomy Topies 

• Spotlight Figure Coaching Aetivities 

• eiinieal Case Aetivities 

• PAL Assessments 

• Art-Labeling Questions 

• And More! 
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Learning Catalytics is a "bring your 

own deviee" (laptop, smartphone, or 
tablet) engagement, assessment, and 
elassroom intelligenee system. Students 
use their deviee to respond to open- 
ended questions and then discuss answers 
in groups based on their responses. 


"My students are so busy and engaged answering 
Learning Catalytics questions during lecture that they 
don't have time for Faeebook." 

—Deelan De Paor, Old Dominion LJniversity 





HIiMlmr qurtliu" 


ll nTT.'.Ti nL llin fnlbw urnM Ib: n 
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New! The Ninth Edition is available in Pearson's fully-accessible eText 2.0 platform.* 


NEW! The eText 2.0 mobile app 





offers offline aeeess and ean be downloaded 
for most iOS and Android phones and tablets 
from the iTunes or Google Play stores. 





The Sateoiernma and Trans- 
verse TgbijJes 

Thr hmt k thuíeIf Itpr 

nnown In r-'h^í- The - plnsma 

mrmbr-in^ ur jvnlrnimji ítar-ho- 
LEM u!ì; wrtiw. fleílì * ttmma* Jilí&B. >. of 
u mmeEe íibbt s^rríMmdB Ihe cytopl*atn. 
or baj' íoplíiiiíri (SAK-kO-plj^tp )„ Optiv- 

Ltìjjjbi >L.sr[H;rL LJ I he àittfj h£é OÍ íKé 

skJTit'Lérr.iriÉi Ll’ji J iiìto a l: L-lw<irk of naw- 
rnW Lu bu k ,j j- b-KHiVtìrarr .tlrtrtajMk ot 

T bafaiilí* ", FìlJed wiLh íiS 3 r«CíJtu 3 nr fisí- 

Ld, Lhe T í ubul» fontl p^KHtaHtì»uyb 

tlirLiii^h Éjiij! rnnKi'jhí IIÌil-e. |lke a Mf-ripiví 

hrnxi*1i thnori^h a 
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Powerful interaetive 
and customization 


functions 


include 


k. 


► 


instructor and student 
note-taking, highlighting, 
bookmarking, seareh, and 
inks to glossary terms. 




*The eText 2.0 edition will be live for Fall 2017 elasses. 



























































































A eomplete paekage of instmetor resources indudes: 

• Customizable PowerPoint slides 

• All figures from the book in JPEG format 

• A&P Flix 3D movie-quality animations on tough topies 

• Test Bank 

• And more! 



Martini's Atlas of the Human Body by Frederie H. Martini 

978-0-321-94072-8 / 0-321 -94072-5 

The Atlas offers an abundant eolleetion of anatomy photographs, 
radiology seans, and embryology summaries, helping students visualize 
structures and beeome familiar with the types of images seen in a elinieal 
setting. Free when paekaged with the textbook. 



si* jl n miu y* ■!, 




A&P Applieations Manual by Frederie H. Martini 
and Kathleen Welch 

978-0-321-94973-8 / 0-321 -94973-0 

This manual eontains extensive discussions on elinieal topies and disorders 
to help students apply the eoneepts of anatomy and physiology to daily 
life and their future health professions. Free when paekaged with the 
textbook. 



Get Ready for A&P by Lori K. Garrett 

978-0-321-81336-7 / 0-321-81336-7 

This book and online eomponent were ereated to help students be better 
prepared for their A&P course. Features include pre-tests, guided 
explanations followed by interaetive quizzes and exercises, and 
end-of-ehapter cumulative tests. Also available in the Study Area of 
MasteringA&P. Free when paekaged with the textbook. 


Trmmk I IAn ■ 

I -.1 ím^»ni^0vplmrn 




Study Card for Martini: Body Systems Overview 

978-0-321-92930-3 / 0-321-92930-6 

A six-panel laminated eard showing all body systems and their organs and 
functions. Free when paekaged with the textbook 
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These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


Define the limits of mieroseopie anatomy 
and eompare and eontrast eytology and 
histology. p. 2 

Compare and eontrast the various ways to 
approaeh gross anatomy. p. 2 

Define the various subspecialties 
of anatomy. p. 2 

Explain the major levels of organization in a 
living organism. p. 5 


Introduction to Anatomy 



1.6 


Identify the organ systems of the human body 
and eompare and eontrast their functions. p. 7 

llnderstand and eorreetly apply deseriptive 
anatomieal and direetional terminology. p. 14 


Using Anatomy to Save a Life 

Zaeh, a 20-year-old eollege sophomore, is late for his anatomy class # so 
he deeides to ride his bike to elass instead of walking. As he enters an 
intersection # he is strnek by a speeding pickup truck. The impaet throws him 
50 feet # and he lands on his head and left side. 

Emergeney medieal teehnieians (EMTs) arrive within minutes. They roll 
the unconscious Zaeh onto his baek for initial assessment. He has an obvious 
open skull fracture (bone break with piereed skin) # open fractures of his left 
upper and lower extremities # and multiple rib fractures on his left side # and 
he exhibits rapid # shallow breathing. Assuming he has neek and baek injuries # 
the EMTs splint him carefully for transport to the nearest Level I (highest 
designation) trauma eenter. 

En route # an EMT ealls the triage nurse in the emergeney room (who 
assigns medieal priority) and reports that he is arriving with a young male 
trauma vietim with an lnjury Severity Seore (ISS) of 57. The nurse tells him to 
immediately report to the trauma room and sounds the alert for the trauma 
team. 



With an ISS of 57, what are Zaeh's ehanees of sarvival? To find out, turn 
to the dinieal Case Wrap-Up on p. 26. 

















































I WE ALL USE our knowledge of human anatomy in our daily lives: We remem- 
ber speeifie anatomieal features to identify friends and family, and we observe 
ehanges in body movements and faeial expressions for clues to what others 
are thinking. Anatomy is the study of the external and internal structures of 
the body and the physieal relationships between body parts. In praetieal terms, 
anatomy is the careful observation of the human body. 

Anatomieal information provides clues about probable functions. 
Physiology is the study of the function of bodily structures, and we explain 
physiologieal meehanisms in terms of the underlying anatomy. All speeifie phys- 
iologieal fimetions are performed by speeifie anatomieal structures. For instanee, 
functions of the nasal eavity include filtering, warming, and humidifying 
inhaled air. The shapes of the bones projeeting into the nasal eavity cause tur- 
bulence in the inhaled air. As the air swirls, it eontaets the moist lining of the 
nasal eavity, which warms and humidifies the air, and any suspended partieles 
stiek to the moist surfaces. In this way, the air is eonditioned and filtered before 
it reaehes the lungs. 

This text discusses the anatomieal structures and functions that make 
human life possible. Our goals are to help you 

o develop a three-dimensional understanding of anatomieal relationships, 

o prepare for more advaneed courses in anatomy, physiology, and related 
subjects, and 

o make informed deeisions about your personal health. 

1.1 Mieroseopie Anatomy 

► KEY POINT Mieroseopie anatomy—the study of structures too small to be 
seen by the naked eye—includes the speeialties of eytology and histology. 

Mieroseopie anatomy is the study of structures that eannot be seen without 
magnifieation. The boundaries of mieroseopie anatomy are established by the 
limits of the equipment used : igure 1.1 . A simple hand lens shows details 
that barely eseape the naked eye, while an eleetron mieroseope shows structural 
details that are more than a million times smaller. As we proeeed through the 
text, we will eonsider details at various size levels. 

Mieroseopie anatomy is subdivided into two speeialties that eonsider fea- 
tures within a eharaeteristie range of sizes: 

■ Cytology (sI-TOL-ò-jè) analyzes the internal structure of eells, the small- 
est units of life. Living eells are eomposed of complex ehemieals in various 
eombinations, and our lives depend on the ehemieal proeesses occurring 
in the trillions of eells that form our body. 

■ Histology (his-TOL-ò-jé) takes a broader perspeetive and examines 
tissues, groups of speeialized eells and eell products that work together 
and perform speeifie functions. The human body has four basie tissue 
types: epithelial tissue, eonneetive tissue, muscle tissue, and neural tissue 
(which will be deseribed in Ohapter 3). 

Tissues eombine to form organs such as the heart, kidney, liver, and 
brain. An organ is an anatomieal structure that has multiple functions. 
Many tissues and most organs are examined easily without a mieroseope, and 
at this point we eross the boundary from mieroseopie anatomy into gross 
anatomy. 


1.1 CONCEPT CHECK 

1 Histologists study what structures? 

2 Define an organ. 

See the blue Ansvvers tab at the baek of the book. 


1.2 Gross Anatomy 

► KEY POINT We study gross anatomy—the study of structures visible to the 
naked eye—by examining surface anatomy, regional anatomy, or systemie 
anatomy. 

Gross anatomy (maeroseopie anatomy ) is the study of structures and features 
that are visible to the unaided (naked) eye. There are several ways to approaeh 
gross anatomy: 

■ Surface anatomy is the study of general anatomieal form, or morphology, 
and how superficial (surface) anatomieal markings relate to deeper ana- 
tomieal structures. 

■ Regional anatomy is the study of the superficial and internal features 
in a speeifie area of the body, such as the head, neek, or trunk. Advaneed 
courses in anatomy often stress a regional approaeh because it emphasizes 
the relationships among structures. 

■ Systemie anatomy is the study of anatomy based upon the body’s organ 
systems. An organ system is a group of organs that function together to 
produce eoordinated effeets. For example, the heart, blood, and blood ves- 
sels form the cardiovascular system, which distributes oxygen and nutri- 
ents throughout the body. There are 11 organ systems in the human body, 
which we will introduce later in the ehapter. Introductory anatomy texts, 
including this one, usually use a systemie approaeh to organize informa- 
tion about important structural and functional patterns. 



CONCEPT CHECK 

3 How does the work of a gross anatomist differ from 
that of a histologist? 

4 What is an organ system, and how does it apply to 
systemie anatomy? 


See the blue Ansvvers tab at the baek of the book. 


1.3 Other Types of Anatomieal Studies 

► KEY POINT Other anatomieal speeialties that are important in the under- 
standing of the human body are developmental, eomparative, elinieal, surgical, 
radiographie, and eross-seetional anatomy. 

Other anatomieal speeialties you will read about in this text include the 
following: 

■ Developmental anatomy studies the ehanges in form that take plaee 
between eoneeption and physieal maturity. Because it eonsiders anatom- 
ieal structures with a broad range of sizes (from a single eell to an adult 
human), developmental anatomy involves both mieroseopie and gross 
anatomy. Developmental anatomy is important in medieine because many 
structural abnormalities result from errors that occur during development. 
The most extensive structural ehanges occur during the first two months 
of development; embryology (em-brè-OL-ò-jè) is the study of these early 
developmental proeesses. 

■ Comparative anatomy studies the anatomieal organization of different 
types of animals. Observed similarities may refleet evolutionary relation- 
ships. For example, humans, ehiekens, and salmon are all ealled vertebrates 
because they share a eombination of anatomieal features not found in 
any other group of animals, including a spinal column eomposed of indi- 
vidual structures ealled vertebrae igure 1.2a). Oomparative anatomy 
uses the techniques of gross, mieroseopie, and developmental anatomy. 
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Figure 1.1 The Study of Anatomy at Different Seales. The amoiint of detail reeognized depends 
on the method of study and the degree of magnifieation. 


Relative size m to mm Relative size mm to pm 


Relative size nm to nm 


meters (m) millimeters (mm) 

mierometers (pm) 

nanometers (nm) 

Size 

1.7 m 120 mm 12 mm 0.5 mm 

120 |/m 10|/m 1-12 /jm 2 /jm 

10-120 nm 11 nm 8-10 nm 2 nm 1 nm 0.1 nm 


Approximate Magnifieation (Reduction) Faetor 

From actual to artwork on this page ' x v-io) (x 0.12) 


(x 0.6) 


x 20 


x 83 


x 10 


x 10 


x 10 


x 10 




x 10 




x 10 




x 10 




x 10 




x 10 


8 



T3 

■ 

s. 

o. 

■ 

r 

0 

U) 

e 



e 

eo 

o 

N 

O 


O 


a 

o 

O) 


(0 


0 

s. 

o 

o 

o 

e 

CD 

E 

3 




0 
o 

T3 

O 

O 

n 

■o 

0 

oe 


e 

o 


CD 


■o 

e 

o 


0 


O 

CD 

eo 


o 

o 


e n 
0 
0 

3 




V) 

0 

E 

o 

(/) 

o 

.O 

■ 

0C 


0 

e 

0 

O 


0 

0 

E 

CD 

■ 

< 



0. 


o 


(f) 

■o 

■ 

O 

eo 

o 

e 

■ 

E 

< 


0 

E 

o 

5 



















Compound light mieroseope 





Seanning eleetron mieroseope 




Transmission eleetron mieroseope 


ehapter 1 


Foundations: An lntroduction to Anatomy 


3 



















































Researeh shows that related animals typieally go through similar develop- 
mental stages (Figure 1.2b,c). 

Several other gross anatomieal speeialties are important in medieal 
diagnosis: 

■ Clinical anatomy focuses on anatomieal features that may undergo 
reeognizable pathologieal ehanges during illness. 

■ Surgical anatomy studies anatomieal landmarks important for surgical 
procedures. 

■ Radiographie anatomy utilizes x-rays, ultrasound seans, or other speeial- 
ized procedures performed on an intaet body to visualize and study ana- 
tomieal structures. 

■ Cross-sectional anatomy has emerged due to advanees in radiographie 
anatomy, such as computerized tomography (CT) and spiral CT seans. 



CLINICAL NOTE 


The Diagnosis of Disease 

Homeostasis is the maintenanee of a relatively eonstant 
internal environment suitable for the survival of eelIs, tissoes, 
and organs. It is aehieved by a system of eontrol meehanisms aeti- 
vated by negative feedbaek. Disease is the failure to maintain 
homeostatie eonditions. The disease proeess may affeet any aspeet 
of physiology from the cellular to the organismie level. The body's 
defenses ean overeome some diseases, but others require medieal 
intervention. 



Figure 1.2 Comparative Anatomy. Humans are elassified as vertebrates, a group that also includes 
animals as different in appearanee as salmon and ehiekens. 
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The similarities between vertebrates 
are most apparent when eomparing 
embryos at eomparable stages of 
development. 
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The similarities are less 
obvious when eomparing 
adult vertebrates. 


4 Foundations 


www.ebook3000.com 
































































CONCEPT CHECK 

5 How does surgical anatomy differ from elinieal 
anatomy? 

6 Cross-sectional anatomy is a subspecialty of which 
anatomieal speeialty? 


See the blue Ansvvers tab at the baek of the book. 


1.4 Levels of Organization 

► KEY POINT The levels of structural organization in the human body range 
from the chemical/molecular level (the simplest level) to the entire organism (the 
most complex level). 

Our study of the human body begins at the ehemieal, or molecular, level of 
organization. The human body eonsists of more than a dozen different ele- 
ments, but four of them (hydrogen, oxygen, earbon, and nitrogen) account for 
more than 99 pereent of the total number of atoms ure 1.3a). At the 
ehemieal level, atoms interaet to form three-dimensional molecules with dis- 
tinetive properties. The major elasses of molecules in the human body are indi- 
eated in gure 1.3b. 

The next level of organization, the cellular level, includes eells, the smallest 
living units in the body igure 1.4 . Cells eontain internal structures ealled 
organelles. Cells and their organelles are made of complex ehemieals. (Cell 
structure and the function of the major organelles found within eells are pre- 
sented in ehapter 2.) As shown in jure 1.4, ehemieal interaetions produce 
complex proteins within a muscle eell in the heart. Muscle eells are unusual 
because they ean eontraet powerfully, shortening along their longitudinal axis. 

Heart muscle eells are eonneeted to form a distinetive muscle tissue, an 
example of the tissue level of organization. Layers of muscle tissue form most 


of the wall of the heart, a hollow, three-dimensional organ. We are now at the 
organ level of organization (Figure 1.4). 

Normal functioning of the heart depends on interrelated events at the 
ehemieal, cellular, tissue, and organ levels of organization. Coordinated eon- 
traetions in the muscle eells of eardiae muscle tissue produce a heartbeat. When 
that beat occurs, the internal anatomy of the organ enables it to function as a 
pump. With eaeh eontraetion, the heart pushes blood into the vascular system, 
a network of blood vessels. Together, the heart, blood, and vascular system form 
an organ system: the cardiovascular system (CVS). 

Eaeh level of organization is dependent on the others. Damage at any level 
may affeet the entire system. A ehemieal ehange in heart muscle eells may cause 
abnormal eontraetions or even stop the heartbeat. Physieal damage to muscle 
tissue, such as a ehest wound, ean make the heart ineffeetive even when most 
of the heart muscle eells are intaet. An inherited abnormality in heart structure 
ean make it an ineffeetive pump even if muscle eells and tissues are normal. 

Note that anything affeeting a system ultimately affeets all the eompo- 
nents of that system. For example, damage to a major blood vessel somewhere 
else in the body ean cause the heart to lose the ability to pump blood effeetively. 
If the heart eannot pump and blood eannot flow, oxygen and nutrients eannot 
be distributed to tissues. In a very short time, the tissue breaks down as heart 
muscle eells die from oxygen and nutrient starvation. 

Of course, the ehanges that occur when the heart is not pumping effee- 
tively are not limited to the cardiovascular system; all the eells, tissues, and 
organs in the body will be damaged. This observation brings us to the highest 
level of organization, an organism—in this ease, a human. The organism level 
refleets the interaetions among organ systems igure 1.4] . All are vital; every 
system must be working properly and in harmony with every other system, or 
survival will be impossible. 

When all systems are functioning normally, the eharaeteristies of the 
internal environment are relatively stable at all levels. This tendeney toward 
stability, ealled homeostasis (hò-mè-ò-STÀ-sis; homeo, unchanging, + stasis, 
standing), is maintained by physiologieal proeesses. 


Figure 1.3 Composition of the Body at the Chemical Level of Organization. 
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Figure 1.4 Levels of Organization 
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1.4 CONCEPTCHECK 



7 Cyanosis is a medieal eondition in which a person f s 
lips and fingertips turn blue due to the inadequate 
delivery of oxygen to tissues. If a patient is exhibiting 
eyanosis, why should the patient's heart be examined 
in addition to the patient f s lungs? 


See the blue Ansvvers tab at the baek of the book. 



eLl N IeAL NOTE 


Disease, Pathology, and Diagnosis 

Pathology is the study of disease. Diseases produce signs 
(objeetive evidenee that the health provider ean deteet, such 
as fever or limited motion) and symptoms (subjective indieations 
that the patient pereeives, such as pain or fatigue). A diagnosis is 
an identifieation of the nature of an illness based on its signs and 
symptoms. 

The World Health Organization (WHO) developed the Interna- 
tional eiassifieation of Diseases (ICD) as an international diagnostie 
standard. The ICD is important for health management and epide- 
miology (the study of disease occurrence, distribution # and cause). 
The current ICD-10 eontains 69,823 diseases. 



An lntroduction to Organ Systems 


► KEY POINT The 11 organ systems of the human body enable us to earry out 
vital life functions such as responsiveness, grovvth and differentiation, reproduc- 
tion, movement, and metabolism and excretion. 


f gure 1.5 summarizes the functions of the 11 organ systems of the human 
body. gure 1.6 details the eomponents and primary functions of eaeh organ 
system. Like all living organisms, humans share vital eharaeteristies and proeesses: 

■ Responsiveness: The ability of an organism to respond to ehanges in its 
immediate environment is termed responsiveness. Examples include you 
jerking your hand away from a hot stove, your dog barking at approaeh- 
ing strangers, and amoebas gliding toward potential prey. Organisms also 
make longer-lasting responses as they adjust to their environments. For 
example, as winter approaehes, an animal grows a heavier eoat or migrates 
to a warmer elimate. Adaptability is the eapaeity to make longer-lasting 
adjustments. 

■ Growth and Differentiation: Over a lifetime, organisms grow larger, 
inereasing in size by inereasing the size or number of their eells. In 
multicellular organisms, the individual eells beeome speeialized to per- 
form particular functions. This speeialization is ealled differentiation. 
Growth and differentiation in eells and organisms produce ehanges in 
form and function. For example, the anatomieal proportions and physi- 
ologieal eapabilities of an adult human are quite different from those of 
an infant. 

■ Reproduction: Organisms reproduce, ereating subsequent generations of 
their own kind, whether unicellular or multicellular. 

■ Movement: Organisms produce movement, which may be internal 
(transporting food, blood, or other materials inside the body) or external 
(moving through the environment). 


Figure 1.5 An introdiietion to Organ Systems. An overview of the 
11 organ systems and their major functions. 


ORGAN SYSTEM 

MAJOR FUNCTIONS 

lntegumentary 

Proteets against environmental 
hazards; eontrols temperature 

p 

Jr Skeletal 

Supports and proteets soft tissues; 
stores minerals; forms blood 

Muscular 

tjp 

ifir 

Provides movement and support; 
generates heat 

Nervous 

Direets immediate responses to 
stimuli, usually by eoordinating the 
aetivities of other organ systems 

V Endoerine 

Direets long-term ehanges 
in the aetivities of other organ 
systems 

2* \ Cardiovascular 

Distributes eells and dissolved 
materials, including nutrients, 
wastes, and gases 

■.© Lymphatie 

Defends against infeetion and 
disease 

Respiratory 

Delivers air to sites where gas 
exchange occurs between 
the air and circulating blood 

f\ 1 

Digestive 

Proeesses and digests food; 
absorbs nutrients; stores energy 
reserves 

J llrinary 

Eliminates excess water, salts, 
and wastes; eontrols pH; 
regulates blood pressure 

•" Reproductive 

Produces sex eells and hormones 


■ Metabolism and Excretion: Organisms rely on ehemieal reaetions 
to provide energy for responsiveness, growth, reproduction, and move- 
ment. They also synthesize complex ehemieals, such as proteins. The 
term metabolism refers to all the ehemieal operations under way in the 
body. Types of metabolie reaetions include eatabolism (the breakdovvn 
of complex molecules into simple ones) and anabolism (the synthesis 
of complex molecules from simple ones). Normal metabolie operations 
require the absorption (taking in) of materials from the environment. 
To generate energy effieiently, eells require various nutrients, as well 
as oxygen, an atmospherie gas. The term respíration refers to eells’ 
absorption, transport, and use of oxygen. Metabolie operations generate 
potentially harmful wastes that must be removed through the proeess of 
excretion. 
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Figure 1.6 The Organ Systems of the Body 



Proteets against 
environmental hazards; 
helps eontrol body 
temperature 


Cutaneous 

membrane 



Toenail 


Organ/Componenent 

Primary Functions 

Skin (Cutaneous 
Membrane) 

Epidermis 

Dermis 

Covers surface; proteets deeper tissues 

Nourishes epidermis; provides strength; eontains 
glands 

Hair Follieles 

Hairs 

Sebaceous glands 

Produce hair; innervation provides sensation 

Provide proteetion for head 

Seerete lipid eoating that lubricates hair shaft and 
epidermis 

Sweat Glands 

Produce perspiration for evaporative eooling 

Nails 

Proteet and stiffen distal tips of digits 

Sensory Reeeptors 

Provide sensations of touch, pressure, 
temperature, and pain 

Subcutaneous Layer 

Stores lipids; attaehes skin to deeper structures 



Supports and proteets tissues; 
stores minerals; forms blood 





(supporting bones 
plus saemrn) 


Lower limb 


Organ/Componenent 

Primary Functions 

1 

Bones, Cartilages, 
and Joints 

Support and proteet soft tissues; bones store 
minerals 

Axial skeleton (skull, 
vertebrae, sacrum, 
coccyx, stemum, 
supporting eartilages 
and ligaments) 

Proteets brain, spinal eord, sense organs, and 
soft tissues of thoraeie eavity; supports the 
body weight over lower limbs 

Appendicular skeleton 
(limbs and supporting 
bones and ligaments) 

Provides intemal support and positioning of 
the limbs; supports and moves axial skeleton 

Ligaments 

Connect bone to bone, bone to eartilage, or 
eartilage to eartilage 

Bone Marrow 

Primary site of blood eell production (red 
bone marrow); storage of energy reserves in 
fat eells (yellow bone marrow) 
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The Nervous System 


Allows for loeomotion; provides 
support; produces heat 


Axial 

muscles 



Appendicular 

muscles 


Direets immediate responses 
to stimuli, usually by 
eoordinating the aetivities 
of other organ systems 


CENTRAL NERVOLIS 
SYSTEM 


Spinal eord 



PERIPHERAL 
NERVOLIS SYSTEM 


Peripheral 

nerves 


Organ/Oomponent 

Primary Functions 

Oentral Nervous System 
(CNS) 

Oontrol eenter for nervous system; proeesses 
information; short-term eontrol over aetivities 
of other systems 

Brain 

Performs complex integrative functions; 
eontrols both voluntary and autonomic 
aetivities 

Spinal eord 

Relays information to and from brain; 
performs less-complex integrative aetivities 

Speeial senses 

Provide sensory input to the brain relating to 
sight, hearing, smell, taste, and equilibrium 

Peripheral Nervous 

System (PNS) 

Links CNS with other systems and with 
sense organs 


Organ/Component 

Primary Functions 

Skeletal Muscles 

Provide skeletal movement; eontrol 


entranees to digestive and respiratory traets 


and exits to digestive and urinary traets; 


produce heat; support skeleton; proteet 


soft tissues 

Axial muscles 

Support and position axial skeleton 

Appendicular muscles 

Support, move, and braee limbs 

Tendons and Aponeuroses 

Transmit the eontraetile forees of skeletal 


muscle to bone in order to move 
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Figiire 1.6 (continued) 



Direets long-term ehanges 
in aetivities of other organ 
systems 


Thymus 


Adrenal gland 


Pineal gland 
Pituitary gland 


Thyroid and parathyroid 



Testis in male 


Organ/Component 

Primary Functions 

Pineal Gland 

May eontrol timing of reproduction and set 
day-night rhythms 

Pituitary Gland 

. ‘ - 1 — .... .. . ...—-———— 31 

Oontrols other endoerine glands; regulates 
grovvth and fluid balanee 

Thyroid Gland 

Oontrols tissue metabolie rate; regulates 
calcium levels 

Parathyroid Glands 

Regulate calcium levels (vvith thyroid) 

Thymus 

Oontrols maturation of lymphoeytes 

Adrenal Glands 

Regulate vvater balanee, tissue metabolism, 
and cardiovascular and respiratory aetivity 

Kidneys 

Oontrol red blood eell production and 
elevate blood pressure 

Panereas 

Regulates blood glucose levels 

Gonads 

Testes 

Support male sexual eharaeteristies and 
reproductive functions 

Ovaries 

Support female sexual eharaeteristies and 
reproductive functions 



Transports eells and dissolved 
materials, ineliiding nutrients, 
wastes, and gases 


Heart 


Artery 



Capillaries 


Organ/Component 

Primary Functions 

Heart 

Propels blood; maintains blood pressure 

Blood Vessels 

Arteries 

Capillaries 

Veins 

Distribute blood around the body 

Carry blood from the heart to eapillaries 

Permit diffusion betvveen blood and 
interstitial fluids 

Return blood from eapillaries to the heart 

Blood 

Transports oxygen, earbon dioxide, 
and blood eells; delivers nutrients and 
hormones; removes vvastes; assists in 
temperature regulation and defense 
against disease 
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Defends against infeetion 
and disease; returns tissue 
fluid to the bloodstream 


Thymus 


Spleen 


MALT 



Lymph nodes 


Lymphatie vessel 


Organ/Component 

Primary Functions 

Lymphatie Vessels 

Carry lymph (fluid with eells and proteins) 
and lymphoeytes from peripheral tissues to 
veins of the cardiovascular system 

Lymph Nodes 

Monitor the eomposition of lymph; engulf 
pathogens; stimulate immune response 

Spleen 

Monitors circulating blood; engulfs 
pathogens and reeyeles red blood eells; 
stimulates immune response 

Thymus 

Oontrols development and maintenanee of 
one elass of lymphoeytes (T eells) 



Delivers air to sites vvhere gas 
exchange ean occur betvveen 
the air and circulating blood; 
produces sound 


Pharynx 


Traehea 


Lung 


Diaphragm 


Nasal eavity 


Sinus 


Larynx 


Bronehi 



Organ/Component 

j 

Primary Functions 

Nasal Cavities and 

Paranasal Sinuses 

Filter, warm, humidify air; deteet smells 

Pharynx 

Conducts air to larynx, a ehamber shared 
with the digestive traet 

Larynx 

Proteets opening to traehea and eontains 
voeal eords 

Traehea 

Filters air, traps partieles in mucus, conducts 
airto lungs; eartilages keep airway open 

Bronehi 

Same functions as traehea; diameter 
deereases as branehing occurs 

Lungs 

Alveoli 

Responsible for air movement during 
movement of ribs and diaphragm; include 
airways and alveoli 

Blind poekets at the end of the smallest 
branehes of the bronehioles; sites of gas 
exchange between air and blood 
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Figiire 1.6 (continued) 



Proeesses food and 
absorbs nutrients 


Salivary gland 


Pharynx 


Esophagus 


Liver 

Gallbladder 


Panereas 


Small intestine 



Anus 


Stomaeh 


Large intestine 



Organ/Component 

Primary Functions 

Oral Oavity 

Reeeptaele for food; works with assoeiated 
structures (teeth, tongue) to break up food 
and pass food and liquids to pharynx 

Salivary Glands 

Provide buffers and lubrication; produce 
enzymes that begin digestion 

Pharynx 

Conducts solid food and liquids to 
esophagus; ehamber shared with 
respiratory traet 

Esophagus 

Delivers food to stomaeh 

Stomaeh 

Seeretes aeids and enzymes 

Small Intestine 

Seeretes digestive enzymes, buffers, and 
hormones; absorbs nutrients 

Liver 

Seeretes bile; regulates nutrient 
eomposition of blood 

Gallbladder 

Stores and eoneentrates bile for release 
into small intestine 

Panereas 

Seeretes digestive enzymes and buffers; 
eontains endoerine eells 

Large Intestine 

Removes water from feeal material; stores 
wastes 



Eliminates excess vvater, 
salts, and vvastes 


Llrinary 

bladder 


Llrethra 



Kidney 


Llreter 


Organ/Component 

Primary Functions 

Kidneys 

Form and eoneentrate urine; regulate blood 
pH, ion eoneentrations, blood pressure; 
perform endoerine functions 

Llreters 

Conduct urine from kidneys to urinary 
bladder 

Llrinary Bladder 

Stores urine for eventual elimination 

Llrethra 

Conducts urine to exterior 
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Produces sex eells 
and hormones 


Prostate 


Seminal gland 


Ductus deferens 


llrethra 


Epididymis 


Testis 


Penis 

Scrotum 



Organ/Component 

Primary Functions 

Testes 

Produce sperm and hormones 

Aeeessory Organs 


Epididymis 

Site of sperm maturation 

Ductus deferens 

Conducts sperm from the epididymis and 
merges with the duct of the seminal gland 

Seminal glands 

Seerete fluid that makes up much of the 
volume of semen 

Prostate 

Seeretes fluid and enzymes 

Urethra 

Conducts semen to exterior 

External Genitalia 


Penis 

Oontains ereetile tissue; deposits sperm in 
vagina of female; produces pleasurable 
sensations during sexual aetivities 

Scrotum 

Surrounds the testes and eontrols their 
temperature 


The Female Reproductive System 


Produces sex eells and 
hormones; supports 
embryonie and fetal 
development from 
fertilization to birth 



Mammary 

gland 


llterine 

tube 


Ovary 


Uterus 


Vagina 


Extemal 

genitalia 


Organ/Component 

Primary Functions 

Ovaries 

Produce ooeytes and hormones 

Llterine Tubes 

Deliver ooeyte or embryo to uterus; normal 
site of fertilization 

Uterus 

Site of embryonie and fetal development; 
site of exchange between matemal and 
fetal bloodstreams 

Vagina 

Site of sperm deposition; birth eanal 
during delivery; provides passageway for 
fluids during menstmation 

External Genitalia 

eiitoris 

Labia 

Contains ereetile tissue; provides 
pleasurable sensations during sexual 
aetivities 

Contain glands that lubricate entranee to 
vagina 

Mammary Glands 

Produce milk that nourishes newborn infant 
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I For very small organisms, absorption, respiration, and excretion involve 
the movement of materials aeross exposed smfaees. But creatures larger than 
a few millimeters seldom absorb nutrients direetly from their environment. 
For example, we eannot absorb steaks, apples, or iee eream direetly—our bodies 
must first alter the foods’ ehemieal structure. That proeessing, ealled digestion, 
occurs in speeialized areas where complex foods are broken down into simpler 
eomponents that are absorbed easily. Respiration and excretion are also more 
eomplieated for large organisms, so we have speeialized organs responsible for 
gas exchange (the lungs) and waste excretion (the kidneys). Finally, because 
absorption, respiration, and excretion are performed in different portions of the 
body, we have an internal transportation system, or cardiovascular system. 

1.5 CONCEPT CHECK 

8 What is differentiation? 

9 Which organ system includes the follovving 
eomponents: svveat glands, nails, and hair follieles? 

See the blue Ansvvers tab at the baek of the book. 

1.6 The Langiiage of Anatomy 

► KEY POINT Learning the speeialized terminology of human anatomy will 
make it easierto understand anatomieal eoneepts. 

If you diseovered and then fully explored a new eontinent, how would you 
deseribe it to others in a way that everyone would understand? One method 
would be to eonstmet a speeifie, detailed map of the territory. Your map would 
identify prominent landmarks, such as mountains, valleys, and rivers; the dis- 
tanee between these landmarks; and the direetion you would need to travel to 
get from one landmark to another using eompass bearings (north, south, north- 
east, southwest, and so on). With such a map, anyone could find a speeifie 
loeation on that eontinent. 

Early anatomists faeed a similar ehallenge when trying to communicate their 
findings. Identifying a particular loeation on the human body proved to be difficult. 
Stating that a bump is “on the baek,” for instanee, does not speeify its exact loea- 
tion. So anatomists ereated maps of the human body. The landmarks are the prom- 
inent anatomieal structures, and distanees are measured in eentimeters or inehes. 

Anatomy uses a speeial langmge that you must learn at the start. It will take 
some time and effort, but it is absolutely essential if you want to avoid a situa- 
tion like that shown in gure 1.Ì . 

New anatomieal terms are introduced as teehnology advanees, but many 
older words and phrases persist. Latin and Greek words form the basis for an 
impressive number of anatomieal terms. Many Latin names assigned to spe- 
eifie structures 2000 years ago are still in use today.(For more information, 
see the Appendix “Foreign Word Roots, Prefixes, Suffixes, and Combining 
Forms.”) 

Some anatomieal structures and elinieal eonditions were named after the 
diseoverer or, in the ease of diseases, after the most famous vietim. Over time, 
most of these eommemorative names, or eponyms, have been replaeed by more 
deseriptive terms. (For information about eommemorative names still being 
used today, see the Appendix “Eponyms in Common Use.”) 

Siiperfieial Anatomy 

► KEY POINT Learning anatomieal landmarks, regions, and direetions will help 
you ereate "mental maps" of internal structures. 


Figure 1.7 The importanee of Preeise Vocabulary. Would you want 
to be this patient? [© The New Yorker Collection 1990 Ed Fisher from 
cartoonbank.com. All Rights Reserved.] 



Except for the skin, hair, and nails (which are parts of the integumentary sys- 
tem), you eannot see any of the organ systems from the body surface. To under- 
stand structures that are deep to (internal to) the integument, it is important 
to ereate your own mental maps based on the illustrations and discussions 
throughout this text. The following seetions discuss anatomieal landmarks and 
regions that will help you ereate these mental maps. 

Anatomieal Landmarks 

Figure 1.8 presents important anatomieal landmarks. Beeome familiar with 
both the anatomieal term (for instanee, nasus) and its adjeetive form ( nasal ). 
Learning these terms will help you remember the loeation of a particular struc- 
ture as well as its name. For example, the term braehiiim refers to the arm, and 
in later ehapters you will learn about the braehialis muscle and the braehial 
artery, both of which are loeated in the arm. 

Standard anatomieal illustrations show a human figure in the anatomieal 
position: standing with legs together, feet flat on the floor, with hands at the 
sides and palms faeing forward. gure 1.8a shows the anatomieal position 
from the anterior (front) view, and igure 1.8b shows it from the posterior 
(baek) view. The anatomieal position is the standard by which the language of 
anatomy is communicated. Therefore, unless othervvise noted, all the deseriptions 
in this text refer to the body in the anatomieal position. A person lying down in 
the anatomieal position is said to be supine (su -PIN) when lying faee up and 
prone when lying faee down. 


TIPS & TOOLS 


Remembering Supine Position 

When you are in the supine position, you ean hold a bowl of soup in the 
palm of your hand or on your navel without spilling it. 
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Figure 1.8 Anatomieal Landmarks. Anatomieal terms are shovvn in boldfaee type, eommon names are in 
plain type # and anatomieal adjeetives are in parentheses. 


Frons or 

forehead (frontal) 


Nasus or nose (nasal) 

Oculus or 

eye (orbital or ocular) 

Auris or 

ear (otie) 


Oephalon 

or head 
(eephalie) 


Oris or mouth (oral) 
Mentis or ehin 


Bucca or 

eheek (buccal) 

Oervieis or neek (eervieal) 


Axilla or armpit 

(axillary) 

Brachium 

or arm 
(braehial) 

Antecubitis 

or front of 
elbow 
(antecubital) 

Antebrachium 

or forearm 
(antebraehial) 


Thoraeis or 

thorax, ehest 
(thoraeie) 

Mamma 

or breast 
(mammary) 


Abdomen 

(abdominal) 

Umbilicus 

or navel 
(umbilical) 

Pelvis 


Carpus 

or wrist (earpal) 

Palma 

or palm 
(palmar) 


Pollex 

or thumb 



Cephalon 

or head (eephalie) 


Oervieis 

or neek (eervieal) 


Shoulder 

(aeromial) 


Dorsum or 


(dorsal) 


Trunk 


Oleeranon 

or baek 
of elbow 
(oleeranal) 


Upper 


Lumbus 

or loin 
(lumbar) 


Manus 

or hand 
(manual) 


or kneeeap 


or groin 
(inguinal) 

Pubis 

(pubic) 

Femur or 

thigh (femoral) 


Crus or 

leg (ernral) 

Tarsus or 


or toes (digital) 


Pes or foot 


Hallux or great toe 



or buttock 


Popliteus or 

baek of knee 
(popliteal) 


or ealf (sural) 


Calcaneus or 

heel of foot 


Planta or 

sole of foot (plantar) 



Anatomieal position: anterior view 


b 


Anatomieal position: posterior view 
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Table 1.1 Regions of the Hiiman Body* 


Anatomieal Name 

Anatomieal 

Region 

Area ind eated 

Cephalon 

Cephalic 

Head 

Cervicis 

Cervical 

Neek 

Thoraeis 

Thoraeie 

Chest 

Brachium 

Braehial 

Segment of the upper limb 
elosest to the trunk; the arm 

Antebrachium 

Antebraehial 

Forearm 

Carpus 

Carpal 

Wrist 

Manus 

Manual 

Hand 

Abdomen 

Abdominal 

Abdomen 

Pelvis 

Pelvie 

Pelvis (in general) 

Pubis 

Pubic 

Anterior pelvis 

lnguen 

lnguinal 

Groin (erease between thigh 
and trunk) 

Lumbus 

Lumbar 

Lower baek 

Gluteus 

Gluteal 

Buttock 

Femur 

Femoral 

Thigh 

Patella 

Patellar 

Kneeeap 

Crus 

Crural 

Leg, from knee to ankle 

Sura 

Sural 

Calf 

Tarsus 

Tarsal 

Ankle 

Pes 

Pedal 

Foot 

Planta 

Plantar 

Sole region of foot 


* See Figure 1.8. 


Anatomieal Regions 

Table 1.1 summarizes the major regions of the body, and C|ure 1.9 labels 
these regions (additional regions and anatomieal landmarks are noted in 
Figure 1.8). Anatomists and elinieians use speeial terminology to deseribe spe- 
eifie areas of the abdominal and pelvie regions. There are two different methods 
in use. In the first, the abdominopelvie surface is divided into four seetions, ealled 
the abdominopelvie quadrants, using a pair of imaginary lines (one horizon- 
tal and one vertieal) that interseet at the umbilicus (navel) ure 1.9a'. 
This simple method is useful for deseribing pain and injuries. Knowing the 
loeation of an aehe or pain helps a elinieian determine the possible cause; for 
example, tenderness in the right lower quadrant (RLQ) is a symptom of appen- 
dieitis, whereas tenderness in the right upper quadrant (RUQ) may indieate 
gallbladder or liver problems. 

In the seeond method, nine abdominopelvie regions are used to more 
preeisely deseribe the loeation and orientation of internal organs igure 1.9b . 

gure 1.9c shows the relationship between abdominopelvie quadrants, regions, 
and internal organs. 

Anatomieal Direetions 

íigure 1.10 shows the prineipal direetional terms used in anatomy and exam- 
ples of their use. There are many different direetional terms, and some ean be 
used interehangeably. As you learn these terms, it is important to remember that all 
anatomieal direetions use the anatomieal position as the standard point of referenee. 
When follovving anatomieal deseriptions, it is useful to remember that the terms 
left and right refer to the left and right sides of the subject, not the observer. You should 
also note that although some referenee terms are equivalent, such as posterior and 
dorsal and anterior and ventral, anatomieal deseriptions do not mix the terms of 
the opposing pairs. For example, a discussion would referenee either posterior ver- 
sus anterior or dorsal versus ventral; it would not referenee posterior versus ventral. 


Figure 1.9 Abdominopelvie Quadrants and Regions. The abdominopelvie 
surface is separated ìnto seetions to identify anatomieal landmarks more 
elearly and to define the loeation of eontained organs more preeisely. 



Right llpper Quadrant (RUQ) 


Right lobe of liver, gallbladder, 
right kidney, portions of stomaeh, 
small and large intestine 



Right Lower Quadrant (RLQ) 






Left Upper Quadrant (LUQ) 


Left lobe of liver, stomaeh, 
panereas, left kidney, spleen, 
portions of large intestine 


Cecum, appendix, 
portions of small intestine, 
reproductive organs (right 
ovary in female and right 
spermatie eord in male), 
and right ureter 


S_ 



Most of small intestine 
portions of large intestine, 
left ureter, and reproductive 
organs (left ovary in female 
and left spermatie eord 
in male) 



Abdominopelvie quadrants divide the area into 
four seetions. 


Right 

hypoehondriae 

region 

Right lumbar 

region 

Right inguinal 

region 



Left 

hypoehondriae 

region 

Left lumbar 
region 

Left inguinal 
region 



More preeise anatomieal deseriptions are provided by 
referenee to the appropriate abdominopelvie region. 


Liver 

Gallbladder 
Large intestine 
Small intestine 


Appendix 



Stomaeh 

Spleen 


Urinary bladder 



Dividing the abdominal/pelvie area into quadrants or 
regions is useful because there is a known relationship 
between superficial anatomieal landmarks and the 
underlying organs. 
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Figure 1.10 Direetional Referenees. The arrovvs indieate ímportant direetional referenees used in this text. 



Superior: The head is superior to the knee 



Right 


Left 


Proximal 


Tovvard an 
attaehed base 

“The shoulder is 
proximal to the 
vvrist.” 


Lateral 


Away from 
the midline 



Granial or Gephalio 


Toward the head 

“The eranial, or eephalie, border of the 
pelvis is superior to the thigh.” 


Posterior or Dorsal 


Posterior: The baek; 

behind 

Dorsal: The baek 
(equivalent to posterior when 
referring to human body) 

“The scapula (shoulder 
blade) is loeated posterior 
to the rib eage.” 



Distal 


Away from an 
attaehed base 

“The fingers are 
distal to the wrist.” 


OTHER DIREOTIONAL TERMS 


Siiperfieial 


At, near, or relatively elose 
to the body surface 

“The skin is superficial to 
underlying structures.” 


Deep 


Toward the interior of the body; 
farther from the surface 

“The bone of the thigh is deep to 
the surrounding skeletal muscles.” 



Anterior view 


Anterior or Ventral 


Anterior: The front; 

before 

Ventral: The abdominal side 
(equivalent to anterior when 
referring to human body) 

“The navel is on the 
anterior (or ventral) 
surface of the trunk.” 




Caudal 


Toward the tail 
(coccyx in humans) 

“The hips are caudal 
to the waist.” 


i 








b 


Lateral view 



Inferior: The knee is inferior to the hip. 
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Seetional Anatomy 

► KEY POINT The word anatomy eomes from a Greek word meaning "to cut 
apart." To fully understand anatomy, you must understand how the plane of 
seetion—how something is cut apart—ehanges the appearanee of a structure. 

The development of eleetronie imaging techniques that enable us to see 
inside the living body without resorting to surgery makes it important to 
understand seetional anatomy. A seetional view is sometimes the only way to 
illustrate the relationships between the parts of a three-dimensional objeet. 

Planes and Seetions 

You ean deseribe a sliee through a three-dimensional objeet by refereneing one 
of three seetional planes: frontal, sagittal, or transverse xjure 1.1 . 

■ The frontal plane, or eoronal plane, parallels the longitudinal axis of the 
body. The frontal plane extends from side to side, dividing the body into 

anterior and posterior seetions. 

■ The sagittal plane also parallels the longitudinal axis of the body. The sagittal 
plane extends from anterior to posterior, dividing the body into left and right 
seetions. A seetion passing along the midline that divides the body into roughly 
equal left and right halves is a midsagittal seetion, or a median sagittal seetion. 
A seetion that runs parallel to the midsagittal line is a parasagittal seetion. 

■ The transverse plane, or horizontal or eross-seetional plane, lies at right 
angles to the longitudinal axis of the part of the body being studied. A divi- 
sion along this plane is a transverse seetion, or horizontal or eross seetion. 


Eaeh seetional plane gives a different perspeetive on the structure of the 
body. When eombined with observations of external anatomy, they ereate a rea- 
sonably eomplete picture. You could develop an even more eomplete picture by 
ehoosing one seetional plane and making a series of seetions at small intervals. 
This proeess, ealled serial reconstruction, allows us to analyze complex struc- 
tures. ure 1.1 shows the serial reeonstmetion of a simple bent tube, such 
as a pieee of elbow maearoni. This procedure ean show the path of a small blood 
vessel or follow a loop of the intestine. Serial reeonstmetion is an important 
method for studying histologieal structure and analyzing the images produced by 
sophistieated elinieal procedures (see the Clinical Note on pp. 20-21). 

Body Cavities 

The human body is not a solid objeet; many organs are suspended in internal 
ehambers ealled body eavities* that proteet and cushion them. The ventral body 
eavity eontains organs of the respiratory, cardiovascular, digestive, urinary, and 
reproductive systems ígure 1.1: . The ventral body eavity is subdivided into 
the thoraeie eavity and the abdominopelvie eavity; the diaphragm (Dl-a-fram) is 
a dome-shaped sheet of skeletal muscle that separates them ure 1.1 . The 

internal organs that projeet into these eavities are ealled viseera (VlS-er-a). Many 
of the organs within these eavities ehange size and shape as they perform their 


*In the human adult, the thoraeie, abdominal, and pelvie eavities share a eommon embryologieal 
origin. The term dorsal body eavity is sometimes used to refer to the internal ehamber of the 
skull and the spaee enelosed by the vertebral arehes. These ehambers, which are defined by bony 
structures, are anatomieally and embryologieally distinet from true body eavities, and the term 
dorsal body eavity is not encountered in either elinieal anatomy or eomparative anatomy. 


Figure 1.1 Seetional Planes. The three primary planes of seetion are frontal, sagittal, and transverse. 


Frontal, or eoronal, 
plane 

A frontal (or eoronal) 
seetion separates 
anterior and posterior 
portions of the body. 
Ooronal usually refers 
to seetions passing 
through the skull. 

Plane is oriented 
parallel to long axis 

Direetional term: 
frontally or eoronally 




Midsagittal plane 


& 



Transverse plane 


Sagittal plane 

A sagittal seetion separates 
right and left portions. You 
examine a sagittal seetion, 
but you seetion sagittally. 

In a midsagittal seetion, the 
plane passes through the 
midline, dividing the body 
in half and separating right 
and left sides. 

A parasagittal seetion 
misses the midline, 
separating right and left 
portions of unequal size. 

Plane is oriented parallel to 
long axis 

Direetional term: Sagittally 


Transverse, horizontal, or 
eross-seetional plane 

A transverse (or horizontal 
or eross) seetion is at right 
angles to the frontal and 
sagittal planes. Seetions 
typieally pass through head 
and trunk regions. 

Plane is oriented 
perpendicular to long axis 

Direetional term: 
transversely or horizontally 
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Pigure 1.1 Seetional Planes and Visiialization. This diagram shows 
the serial reconstruction of a bent tube (like a pieee of elbow maearoni). 
Notiee how the seetional views ehange as the plane approaehes the curve. 
Keep the effeets of seetioning in mind when looking at slides under the 
mieroseope. Seetional views of internal organs # such as those taken via a CT 
or MRI sean (see pp. 20-21), ean vary widely. For example, although it is a 
simple tube, the small intestine ean look like a pair of tubes, a dumbbell, an 
oval, or a solid, depending on where the seetion was taken. 



functions. For example, the stomaeh swells at eaeh meal, and the heart eontraets 
and expands with eaeh beat. These organs projeet into moist internal ehambers 
that allow expansion and limited movement, but prevent frietion. 

The Thoraeie Cavity The thoraeie eavity eontains organs of the respi- 
ratory, cardiovascular, and lymphatie systems, as well as the thymus and infe- 
rior portions of the esophagus. The muscles and bones of the ehest wall and 
the diaphragm form the boundaries of the thoraeie eavity. The thoraeie eavity 
is subdivided into the left and right pleural eavities, which are separated by the 
mediastinum (Look ahead to igure 1.13a-c). 

Eaeh pleural eavity eontains a lung. A shiny, slippery serous membrane 
ealled a pleura (plur-ah) lines eaeh pleural eavity and reduces frietion as the 
lung expands and reeoils during breathing. The viseeral pleura eovers the outer 
smfaees of eaeh lung, and the parietal pleura eovers the opposing mediastinal 
surface and the inner body wall. 

The mediastinum (mè-dè-as-Tl-num) is eonneetive tissue that surrounds, 
stabilizes, and supports the esophagus, traehea, thymus, and major blood vessels 
that originate or end at the heart. The mediastinmn also eontains the perieardial 
eavity, a small ehamber that surrounds the heart. The serous membrane eovering 
the heart is ealled the pericardium ( peri , around, + kardia, heart). To visualize 
the relationship between the heart and perieardial eavity, think of a fist pushing 
into a balloon (Figure 1.13d): The wrist eorresponds to the base (attaehed por- 
tion) of the heart, and the balloon eorresponds to the perieardimn. 

The pericardium is eomposed of two parts: an outer sae of tough, fibrous 
eonneetive tissue termed the parietal layer of the serous pericardium an 
inner viseeral layer of the serous pericardium. Dming eaeh beat, the heart 
ehanges in size and shape. The perieardial eavity permits these ehanges, and the 
slippery perieardial lining prevents frietion between the heart and adjaeent struc- 
tmes in the mediastinmn. 

The Abdominopelvie Cavity The abdominopelvie eavity is divided into 
(1) a superior abdominal eavity, (2) an inferior pelvie eavity, and (3) an internal 
ehamber ealled the peritoneal (per-i-tò-NÉ-al) eavity íigure 1.13a,c). 


The peritoneal eavity is lined by a serous membrane ealled the peritoneum 
(per-i-tò-NÈ-um). The parietal peritoneum lines the body wall. A narrow, flu- 
id-filled spaee separates the parietal peritoneum from the viseeral peritoneum, 
which eovers the enelosed organs. Double sheets of peritoneum, ealled 
mesenteries (MES-en-ter-ès), suspend organs such as the stomaeh, small 
intestine, and portions of the large intestine within the peritoneal eavity. Mes- 
enteries provide blood supply, support, lubrication, and stability while permit- 
ting limited movement. 

The abdominal eavity extends from the inferior smfaee of the dia- 
phragm to an imaginary plane extending from the inferior smfaee of the low- 
est spinal vertebra to the anterior and superior margins of the pelvie girdle 
gure 1.13a,c' . The abdominal eavity eontains the liver, stomaeh, spleen, 
kidneys, panereas, and small intestine, and most of the large intestine. (Refer 
to gure 1.9a,c on page 16 for the positions of many of these organs.) These 
organs projeet partially or eompletely into the peritoneal eavity, much as the 
heart and lungs projeet into the perieardial and plemal eavities, respeetively. 

The inferior portion of the abdominopelvie eavity is the pelvie eavity 
"gure 1.13a,c] . The pelvie eavity is enelosed by the bones of the pelvis and eon- 
tains the last segments of the large intestine, the minary bladder, and various repro- 
ductive organs: The pelvie eavity of a female eontains the ovaries, uterine tubes, and 
uterus; in a male, it eontains the prostate and seminal glands. The inferior portion 
of the peritoneal eavity extends into the pelvie eavity. The peritoneum eovers the 
uterine tubes, the ovaries, and the superior portion of the uterus in females, as well 
as the superior portion of the minary bladder in both males and females. 

The Clinical Note on pp. 20-21 smnmarizes modern methods of visualizing 
anatomieal structures in living people. A true understanding of anatomy involves 
integrating the information provided by seetional images, interpretive artwork 
based on seetions and disseetions, and direet observation. It is up to you to inte- 
grate these views and develop yom ability to observe and visualize anatomieal 
stmetmes. Remember that every structure you encounter has a speeifie function. 
The goal of anatomy isn’t simply to identify structural details, but to understand 
the three-dimensional relationships between bodily structures and how those 
structures interaet to perform the varied functions of the human body. 



CLINICAL NOTE 


Peroearditis and Perìton tis 


The suffix -itis means "inflammation." Thus, periearditis means 
inflammation of the pericardium. Periearditis ean be caused by 
any disease-causing agent or trauma, and it ean severely restriet the 
function of the heart. Peritonitis is an inflammation of the perito- 
neum (the serous membrane lining the abdomen). It may be due 
to baeterial infeetion, liver failure, kidney failure, or many other 
causes. Peritonitis affeets all the organs within the peritoneal eavity. 



CONCEPT CHECK 

10 You fall and break your antebrachium. What part 
of your body is affeeted? 

11 What is the anatomieal name for eaeh of the 
follovving areas: groin, buttock, and hand? 

12 What type of seetion would separate the two eyes? 

13 What is the general function of the mesenteries? 

14 If a surgeon makes an ineision just inferior to the 
diaphragm, which body eavity will be opened? 


5ee the blue Ansvvers tab at the baek of the book. 
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Clinical Anatomy and Teehnology 
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Color-enhanced x-ray 



Stomaeh 
Small intestine 




Barium-contrast x-ray 



Radiologieal procedures 

include various noninvasive techniques 
that use radioisotopes, radiation, and 
magnetie fields to produce images of 
internal structures. Physieians who 
speeialize in the performanee and 
analysis of these diagnostie images 
are ealled radiologists. Radiologieal 
procedures ean provide detailed 


X-rays are a form of high-energy radiation that ean 
penetrate living tissues. In the most familiar procedure, 
a beam of x-rays travels through the body and strikes 
a photographie plate. Not all of the projeeted x-rays 
arrive at the film; some are absorbed or defleeted as 
they pass through the body. The resistanee to x-ray 
penetration is ealled radiodensity. In the human body, 
the order of inereasing radiodensity is as follows: air, 
fat, liver, blood, muscle, bone. The result is an image 
with radiodense tissues, such as bone, appearing 
white, while less dense tissues are seen in shades 
of gray to blaek. 


A barium-contrast x-ray of the 

upper digestive traet. Barium is very 
radiodense, and the contours of the 
gastrie and intestinal lining ean be 
seen outlined against the white of 
the barium solution. 


information about internal systems 




Aorta 

Spleen 

Left kidney 


and structures. 


Liver 

II 


Right kidney 
Vertebra 


Stomaeh 



Stomaeh 

Aorta 

Left 

kidney 

Spleen 




The relative position and orientation of the seans shown to the right. 


CT sean of the abdomen 


Note that when anatomieal diagrams or seans present eross-seetional 
views, the seetions are presented as though the observer were standing 
at the feet of a person in the supine position and looking toward the 
head of the subject. 


CT seans, formerly ealled CAT (computerized axial tomography), 
use a single x-ray source rotating around the body. The x-ray beam 
strikes a sensor monitored by a computer. The source eompletes 
one revolution around the body every few seeonds; it then moves 
a short distanee and repeats the proeess. By eomparing the 
information obtained at eaeh point in the rotation, the computer 
reeonstmets the three-dimensional structure of the body. The 
result is usually displayed as a seetional view in blaek and white, 
but it ean be eolorized. 
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Femur 




Patella 



Femoral eondyle 
Joint spaee 


Head of fibula 




Tibial tuberosity 


Arteries of 
the heart 




- j % 











Spiral sean 


Digital subtraction angiography 






Digital subtraction angiography (DSA) is used to 
monitor blood flow through speeifie organs, such as the 
brain, heart, lungs, and kidneys. X-rays are taken before 
and after radiopaque dye is administered, and a computer 
“subtracts” details eommon to both images. The result is 
a high-eontrast image showing the distribution of the dye. 


A spiral CT sean (also termed a helieal CT sean) is a new 
form of three-dimensional imaging teehnology that is 
beeoming inereasingly important in elinieal settings. With 
a spiral CT sean the patient is plaeed on a platform that 
advanees at a steady paee through the seanner while the 
imaging source, usually x-rays, rotates continuously around 
the patient. Because the x-ray deteetor gathers data quickly 
and continuously, a higher quality image is generated, and 
the patient is exposed to less radiation as eompared to a 
standard CT seanner, which eolleets data more slowly and 
only one sliee of the body at a time. 



MRI sean of the abdomen 


An MRI (magnetie resonanee imaging) sean surrounds part or 
all of the body with a magnetie field about 3000 times as strong 
as that of Earth. This field affeets protons within atomie nuclei 
throughout the body, which line up along the magnetie lines of 
foree like eompass needles in Earth’s magnetie field. When 
strnek by a radio wave of the proper frequency, a proton will 
absorb energy. When the pulse ends, that energy is released, 
and the energy source of the radiation is deteeted by the MRI 
computers. 



Ultrasound sean of the abdomen 


In ultrasound procedures, a small transmitter eontaeting the 
skin broadeasts a brief, narrow burst of high-frequency sound 
and then pieks up the eehoes. The sound waves are refleeted 
by internal structures, and a picture, or eehogram, ean be 
assembled from the pattern of eehoes. These images laek the 
elarity of other procedures, but no adverse effeets have been 
attributed to the sound waves, and fetal development ean be 
monitored without a signifieant risk of birth defeets. 
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Fìgiire 1.1 Body Cavities. Relationships # eontents, and seleeted functions of the subdivisions of the thoraeie and abdominopelvie body eavities. 


I 


Body Cavities 

Provide 
proteetion and 
allovv organ 
movement; 
lining prevents 
frietion 


separated 

by 

diaphragm 

into 


Thoraeie 

Cavity 

Surrounded 
by ehest wall 
and diaphragm 


subdivided 

into 


Abdominopelvie 

Cavity 

Contains the 
peritoneal eavity 


includes 

the 


i 

i 



Left Pleural Cavity 



Mediastinum 


Oontains the traehea, 
esophagus, and major vessels 


also eontains 



Right Pleural Cavity 


Abdominal Cavity 


Oontains many digestive 
glands and organs 


Pelvie Cavity 


Contains urinary bladder, 
reproductive organs, last 
portion of digestive traet 





Anterior view of the body eavities. 
The muscular diaphragm separates 
the superior thoraeie eavity from the 
inferior abdominopelvie eavity. 


Study Outline 


lntroduction p. 2 

Anatomy is the study of internal and external structures and the 
physieal relationships betvveen body parts. Speeifie anatomieal 
structures perform speeifie functions. 

1.1 Mieroseopie Anatomy p. 2 

■ The boundaries of mieroseopie anatomy are established by the 
limits of the equipment used. Cytology is the study of the internal 
structure of individual cells # the smallest units of life. Histology 
examines tissues, groups of eells that vvork together to perform 
speeifie functions. Speeifie arrangements of tissues form an organ, 
an anatomieal unit vvith multiple functions. A group of organs that 
function together forms an organ system. fSee Figure 1.1.) 


1.2 GrossAnatomy p. 2 

■ Gross (maeroseopie) anatomy eonsiders features visible without 
a mieroseope. It includes surface anatomy (general form and 
superficial markings) # regional anatomy (superficial and internal 
features in a speeifie area of the body) # and systemie anatomy 
(structure of major organ systems). 

1.3 Other Types of Anatomieal Studies p. 2 

■ Developmental anatomy examines the ehanges in form that occur 
between eoneeption and physieal maturity. Embryology studies the 
proeesses that occur during the first two months of development. 

■ eomparative anatomy eonsiders the similarities and relationships 
in anatomieal organization of different animals. fSee Figure 1.2.) 
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Mediastiniim Sternum Pleura Pleural eavity 



Spinal eord 


Mediastinum 


Pleura Pleural eavity 



Seetion at the level of thoraeie vertebra T 8 



POSTERIOR 


ANTERIOR 


Thoraeie eavity 

Pleural eavity 

Perieardial eavity 


The heart projeets into the 
perieardial eavity like a fist 
pushed into a balloon. 


Viseeral layer 
of serous 
pericardium 


Diaphragm 


Air spaee 
Balloon 


Pelvie eavity 


Perieardial 

eavity 

Parietal layer 
of serous 
pericardium 


Abdominopelvie 

eavity 

Peritoneal eavity 


Abdominal eavity 



Seetional view of the thoraeie eavity. Llnless otherwise 
noted, all seetional views are presented in inferior 
view. (See Clinical Note on pp. 20-21 for more details.) 



Lateral view of the siibdivisions 
of the body eavities. 


■ Anatomieal speeialties important to elinieal praetiee include 
elinieal anatomy (anatomieal features that undergo eharaeteristie 
ehanges during illness) # surgical anatomy (landmarks important 
for surgical procedures) # radiographie anatomy (anatomieal 
structures that are visualized by speeialized procedures performed 
on an intaet body) # and eross-seetional anatomy. (See eiinieal 
Note on pp. 20-21.) 

1.4 Levels of Organization p.5 

■ Anatomieal structures are arranged in a series of interaeting 
levels of organization ranging from the chemical/molecular level # 
through cell/tissue levels # to the organ/organ system/organism 
levels. fSee Figures 1.3 and 1.4.) 

m When the body's internal environment is relatively stable # this is 
ealled homeostasis. 


1.5 An lntroduction to Organ Systems p. 7 

■ All living organisms share a set of vital properties and proeesses: 
responsiveness to ehanges in their environment # grovvth and 
differentiation, reproduction # movement # and metabolism 
and excretion. Organisms absorb and consume oxygen during 
respiration and diseharge vvaste products during excretion. 
Digestion breaks dovvn complex foods for use by the body. The 
cardiovascular system forms an internal transportation system 
betvveen areas of the body. fSee Figures 1.5 and 1.6.) 

m The 11 organ systems of the human body perform these vital 
functions. (See Figure 1.5.) 

1.6 The Language of Anatomy p. 14 

■ Anatomy usess a speeialized language. fSee Figures 1.7 to 1.13.) 
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Stiperfkial Anatomy p. 14 

Standard anatomieal illustrations show the body in the anatomieal 
position. fSee Figures 1.8 and 1.10.) 

m A person lying down in the anatomieal position may be supine 
(faee up) or prone (faee down). 

■ Speeifie terms identify speeifie anatomieal regions. (See Figure 1.8 
and Table 1.1.) 

m Abdominopelvie quadrants and abdominopelvie regions 

represent two different approaehes to deseribing loeations in the 
abdominal and pubic areas of the body. (See Figure 1.9.) 

m Speeifie direetional terms are used to indieate relative loeation on 
the body. (See Figure 1.10.) 

Seetional Anatomy p. 18 

■ There are three seetional planes: frontal plane or eoronal 
plane (anterior versus posterior), sagittal plane (right versus 
left sides) f and transverse plane (superior versus inferior). 

These seetional planes and related referenee terms deseribe 
relationships between the parts of the three-dimensional human 
body. (See Figure 1.11.) 

m Serial reconstruction is an important technique for studying 
histologieal structure and analyzing images produced by 
radiologieal procedures. (See Figure 1.12.) 


■ Body eavities proteet delieate organs and permit ehanges in the 
size and shape of viseeral organs. 

■ The diaphragm separates the superior thoraeie eavity from the 
inferior abdominopelvie eavity. (See Figure 1.13.) 

m The abdominal eavity extends from the inferior surface of the 
diaphragm to an imaginary line drawn from the inferior surface 
of the most inferior spinal vertebra to the anterior and superior 
margin of the pelvie girdle. Inferior to this imaginary line is the 
pelvie eavity. (5ee Figure 1.13.) 

m The thoraeie and abdominopelvie eavities eontain narrow f fluid- 
filled spaees lined by a serous membrane. The thoraeie eavity 
eontains two pleural eavities (eaeh surrounding a lung) separated 
by the mediastirmm. fSee Figure 1.13.) 

m The mediastinum eontains the thymus f traehea, esophagus f blood 
vessels f and the perieardial eavity, which surrounds the heart. 

The membrane lining the pleural eavities is ealled the pleura; 
the membrane lining the perieardial eavity is ealled the serous 
pericardium. (See Figure 1.13.) 

m The abdominopelvie eavity eontains the peritoneal eavity, 

which is lined by the peritoneum. Many digestive organs are 
supported and stabilized by mesenteries. fSee Figure 1.13.) 

m Important radiologieal procedures, which ean provide detailed 
information about internal systems f include x-rays f CT seans, 

MRI f and ultrasound. Physieians who perform and analyze these 
procedures are ealled radiologists. fSee dinieal Note on pp. 20-21.) 


r ^ 

ehapter Revíevv 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. supine . L_ 

2. eytology. L_ 

3. homeostasis. . 

4. Iumbar. . 

5. prone. L_ 

6. metabolism. . 

7. histology. 

a. study of tissues 

b. faee down 

e. all ehemieal aetivity in body 

d. study of eells 

e. faee up 

f. eonstant internal environment 

g. lower baek 


8. Label the planes on the diagram below. 



(a) 

(b) 
(e) 


9. Label the abdominal f pleural f pelvic f and 
perieardial eavities on the diagram below. 
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10. The major function of the _system is 

the internal transport of nutrients f wastes # 
and gases. 

(a) digestive 

(b) cardiovascular 
(e) respiratory 

(d) urinary 

11. Which of the following includes only 
structures enelosed within the mediastinum? 

(a) lungs # esophagus # heart 

(b) heart, trachea # lungs 

(e) esophagus # traehea, thyrrms 

(d) pharynx # thymus # major vessels 

12. The primary site of blood eell production is 
within the 

(a) cardiovascular system. 

(b) skeletal system. 

(e) integumentary system. 

(d) lymphatie system. 

13. VVhieh of the following regions eorresponds 
to the arm? 

(a) eervieal 

(b) braehial 

(e) femoral 

(d) pedal 

Level 2 Reviewing Concepts 

1. From the following selections # demonstrate 
your understanding of anatomieal 
terminology by seleeting the direetional 
terms equivalent to ventral, posterior, 
siiperior, and inferior in the eorreet 
sequence. 

(a) anterior # dorsal # cephalic # caudal 

(b) dorsal # anterior # caudal # eephalie 

(e) caudal # cephalic # anterior # posterior 
(d) cephalic # caudal # posterior, anterior 

2. Explain the properties and proeesses that 
are assoeiated with all living things. 


3. llsing the following diagram # i11ustrate the 
relationships of proximal and distal and 
medial and lateral. 



4. The body system that performs erisis 
management by direeting rapid # short- 
term # and very speeifie responses is the 

(a) lymphatie system. 

(b) nervous system. 

(e) cardiovascular system. 

(d) endoerine system. 

5. Applying the eoneept of seetional planes # 
how could you divide the body so that 
the faee remains intaet? 

(a) sagittal seetion 

(b) eoronal seetion 

(e) midsagittal seetion 
(d) none of the above 

6. Analyze why large organisms must have a 
vascular system. 


Level 3 Gritieal Thinking 

1. Defend the following statement: 

A disruption in normal eelIular division 
within the red bone marrow supports the 
view that all levels of organization within an 
organism are interdependent. 

2. A ehild born with a severe eleft palate may 
require surgery to repair the nasal eavity 
and reconstruct the roof of the mouth. 
VVhieh body systems are affeeted by the 
eleft palate? Studies of other mammals 
that develop eleft palates have helped us 
understand the origins and treatment of 
such problems. VVhieh anatomieal speeialties 
are involved in identifying and eorreeting a 
eleft palate? 
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CLINICAL CASE 


WRAP-UP 
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Using Anatomy to Save a Life 


The lnjury Severity Seore (ISS) is based on the eoneept of regional 
anatomy. It is a tool used fortriaging (prioritizing) injured patients, 
determining what mode of transport is best, and predieting 
outcomes. The ISS eorrelates with morbidity (injury or illness) and 
mortality (death). 

To calculate ISS # six body regions are defined: (1) head/neek, 

(2) face # (3) chest # (4) abdomen # (5) appendicular skeleton (see 
ehapter 7) # and (6) external (skin). Eaeh region is given a seore 
ranging from 0 (no apparent injury) to 6 (not eompatible with life). 

The seores for the three most severely injured regions are squared 
and added together to produce the ISS seore. A seore of 15 is 
eonsidered multiple trauma (polytrauma). The highest possible seore 
is 75 (5 2 + 5 2 + 5 2 = 25 + 25 + 25). Note that a seore of 6 in any 
region is not possible because it indieates death. 

Because of his open skull fracture # the EMT gives Zaeh a seore of 
5 in the head/neek eategory. Multiple rib fractures with breathing 
difficulty rate him a seore of 4 in the ehest region. Due to the open 
fractures of his upper and lower extremities # his appendicular skeleton 
seore is 4. The sum of the squares of these three highest regions is 
57 (5 2 + 4 2 + 4 2 ) # plaeing Zaeh in the eritieal eategory. 

Zaeh's survival now depends on many factors # but his diagnosis and 
treatment began with an EMT's assessment of regional anatomy. 


1. If Zaeh has a fracture of his hip and an open fracture of his ankle # 
which injury is proximal and which is distal? 



Lower baek pain. Long periods of sitting ean contribute to ehronie lower 
baek pain. This is a very eommon problem among individuals with jobs that 
involve sitting most of the day. 


2. If Zaeh sustains a laeeration to his spleen # what are the 
abdominopelvie regions and quadrant of that injury? 

See the blue Ansvvers tab at the baek of the book. 



Related dinieal Terms 


acute: A disease of short duration but typieally 
severe. 

ehemotherapy: The treatment of disease by 
the use of ehemieal substances # espeeially the 
treatment of eaneer by cytotoxic and other 
drugs. 

ehronie: An illness persisting for a long time or 
eonstantly recurring. Often eontrasted with 
acute. 


epidemiology: The braneh of seienee that 
deals with the ineidenee, distribution # 
and possible eontrol of diseases and other 
faetors relating to health. 

etiology: The seienee and study of the cause 
of diseases. 

idiopathie: Denoting any disease or eondition 
of unknown cause. 


morbidity: The state of being diseased or 
unhealthy # or the ineidenee of disease in a 
population. 

pathophysiology: The functional ehanges 
that aeeompany a particular syndrome or 
disease. 

syndrome: A eondition eharaeterized by a 
group of assoeiated symptoms. 
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The Cel 1 


These Learning Oiiteomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


Identify and explain the functions of 
the plasma membrane, eytoplasm, and 
nonmembranous and membranous 
organelles. p. 28 

Explain how eells ean be intereonneeted to 
maintain structural stability in body tissues. p. 42 





Summarize the life eyele of a eell and how eells 
divide by the proeess of mitosis. p. 42 



inheritanee from Mom 

Jessiea has alvvays been vveak and imeoordinated. As a child # she had some 
developmental delays, vvas alvvays shorter than her sehoolmates, and had 
hearing and visual impairments. She suffered her first seizure (an episode 
of symptoms resulting from irregular eleetrieal aetivity of brain eells) at 
age 8. VVhile pregnant vvith her daughter at age 32, she developed 
gestational diabetes (high blood sugar during pregnaney). 

Jessica # s mother, novv deeeased, as vvell as Jessica # s sisters experienced 
similar physieal ailments. Her older sister's symptoms vvere less severe than 
Jessica # s # vvhile her younger sister's eondition vvas much vvorse. 

VVhen Jessica # s daughter began to shovv similar symptoms # she sought 
help from a geneties (inheritanee) counselor. She learned that mitoehondria 
(the tiny ## power faetories" of eells) have a small amount of DNA (genetie 
material) that ean mutate and fail to function properly. All eytoplasmie 
organelles (intracellular structures) # including mitoehondria and their mtDNA 
(mitoehondrial DNA) # are inherited via the ooeyte (egg) of the mother. Jessica # s 
family # s symptoms vvere indieative of mitoehondrial disease. Jessica # s mother 
must have had a mtDNA mutation causing this disease # and Jessiea and both 
of her sisters had inherited the mutation # and thus the disease, from their 
mother. All of Jessica # s ehildren would inherit it as well. 

After some frantie research # Jessiea learned about a procedure that 
might allow herto have additional ehildren without mitoehondrial disease. 


Can Jessiea bear a healthy ehild? To find out r turn to the dinieal Case 
Wrap-Up on p. 48. 
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I WALK through a building supply store, and you will see many individual 
items—brieks, floor tiles, lumber. Eaeh item by itself is of limited use, but 
put them together and you ean build a functional unit such as a house. The 
human body is also made up of many individual eomponents, ealled eells. 
Much as individual brieks and lumber eolleetively form a house, individual 
eells work together to build tissues, organs, and organ systems, as discussed in 
Chapter 1. 

Aeeording to the eell theory, eells are the fundamental units of all living 
things. The eell theory has three basie eoneepts: 

■ Cells are the structural “building bloeks” of all plants and animals. 

■ Cells are produced by the division of preexisting eells. 

■ Cells are the smallest structural units that perform all vital functions. 

The human body eontains trillions of eells. All of our aetivities, from think- 
ing to mnning, result from the eombined and eoordinated responses of millions 
or even billions of eells. Yet eaeh individual eell remains unaware of its role in 
the “big picture”—it is simply responding to ehanges in its loeal environment. 


Because eells form all the structures in the body and perform all vital functions, 
our exploration of the human body must begin with basie eell biology. 

Our bodies eontain two types of eells: sex eells and somatie eells. Sex eells 
(germ eells or reproehietive eells ) are either the sperm of males or the ooeytes of 
females. Somatie eells ( soma , body) are all the other eells in the body. We will 
discuss sex eells in ehapter 27, The Reproductive System. In this ehapter we will 
focus on somatie eells. 

2.1 Cellular Anatomy 

► KEY POINT A eell eonsists of eytoplasm—the eytosol and organelles— 
enelosed in a plasma membrane. 

The “typieal” eell is like the “average” person—we ean only deseribe it in general 
terms because enormous individual variations occur. Our typieal eell shares features 
with most eells of the body without being identieal to any of them, because the 
eomponents within a eell vary based on eaeh eell’s function. igure 2.1 shows a 
typieal eell, and Table 2.1 summarizes the structures and functions of its parts. 


Figure 2.1 Anatomy of a Typieal Cell. See Table 2.1 for a simnmary of the functions of the various 
eell structures. 
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Table 2.1 Anatomy of a Representative Cell 


Appearanee 


Cell Structure 


Composition 


Function 


Plasma Membrane and Cytosol 



Plasma membrane 


Cytosol 


Lipid bilayer, eontaining phospholipids, steroids, 
proteins, and earbohydrates 


Fluid eomponent of eytoplasm; may eontain 
inclusions of insoluble materials 


Isolates; proteets; senses; supports; eontrols entrance/exit of 
materials 


Distributes materials by diffusion; stores glyeogen, 
pigments, and other materials 


Nonmembranous Organelles 



Oytoskeleton 


Microtubule 


Mierofilament 


Proteins organized in fine filaments or slender 
tubes 


Strengthens and supports; moves cellular structures and 
materials 



Mierovilli 


Membrane extensions eontaining mierofilaments 


inerease surface area to faeilitate absorption of extracellular 
materials 



Centrosome 

Centrioles 


Cytoplasm eontaining two eentrioles, at right 
angles; eaeh eentriole is eomposed of nine 
microtubule triplets 


Essential for movement of ehromosomes during eell 
division; organizes microtubules in eytoskeleton 



Cilia 


Membrane extensions eontaining microtubule 
doublets in a 9 + 2 array 


Move materials over eell surface 


Ribosomes 


9 


RNA + proteins; attaehed ribosomes bound to 
rough endoplasmie reticulum; free ribosomes 
seattered in eytoplasm 


Synthesize proteins 


Membranous Organelles 



Mitoehondria 


Double membrane, with inner membrane folds 
(eristae) enelosing metabolie enzymes 


Produce 95 pereent of the ATP required by eell 



Nucleus 


Nuclear envelope 


Nucleoplasm eontaining nucleotides, enzymes, 
nucleoproteins, and ehromatin; surrounded by 
a double-layered membrane (nuclear envelope) 
eontaining nuclear pores 


Controls metabolism; stores and proeesses genetie 
information; eontrols protein synthesis 


Nucleolus 


Nuclear pore 


Dense region in nucleoplasm eontaining DNA 
and RNA 


Site of rRNA synthesis and assembly of ribosomal subunits 



Endoplasmie 
reticulum (ER) 


Network of membranous ehannels extending 
throughout the eytoplasm 


Synthesizes seeretory products; intracellular storage and 
transport 


Rough ER 
Smooth ER 


Has ribosomes bound to membranes 
Laeks attaehed ribosomes 


Modifies and paekages newly synthesized proteins 

Synthesizes lipids, steroids, and earbohydrates; stores 
calcium ions 



Golgi apparatus 


Staeks of flattened membranes (eisternae) 
eontaining ehambers 


Stores, alters, and paekages seeretory products and 
lysosomal enzymes 



Lysosome 


Vesieles eontaining digestive enzymes 


Removes damaged organelles or pathogens 




Peroxisome 


Vesieles eontaining degradative enzymes 


Catabolizes fats and other organie compounds; neutralizes 
toxic compounds generated in the proeess 
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Figure 2.2 A Flovvehart for the Study of Cell Structure. Cytoplasm is 
eomposed of the eytosol and organelles. Organelles are elassified as either 
nonmembranous organelles or membranous organelles. 


that allow the eell to reeognize and respond to speeifie molecules in its 
environment and to communicate with other eells. Any alteration in the 
plasma membrane affeets all cellular aetivities. 
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ean be 
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^- 1 

Nonmembranous 

Organelles 


Membranous 

Organelles 

• Cytoskeleton 


• Mitoehondria 

• Mierovilli 


• Nucleus 

• Centrioles 


• Endoplasmie 

• Cilia 


reticulum 

• Flagella 


• Golgi apparatus 

• Ribosomes 


• Lysosomes 



• Peroxisomes 



gure 2.2 outlines the organization of a eell, and thus this ehapter. 
Our eells float in a watery medium known as the extracellular fluid. 
A plasma membrane separates the eell eontents, or eytoplasm, from the 
extracellular fluid. The eytoplasm ean be subdivided into a fluid, ealled 
the eytosol, and intracellular structures eolleetively known as organelles 
(or-ga-NELZ, ‘Tittle organs”). 

The Plasma Membrane 

► KEY POINT The functions of the plasma membrane relate to its crucial ehar- 
aeteristie of seleetive permeability. 

The outer boundary of a eell is the plasma membrane, also termed the eell 
membrane or plasmalemma. It is extremely thin and delieate, ranging from 6 
to 10 nm (1 nm = 0.001 jum ) in thiekness. The plasma membrane has four 
important functions: 

■ Physieal isolation: The lipid bilayer of the plasma membrane forms a phys- 
ieal barrier separating the inside of the eell from the surrounding extracel- 
lular fluid. 


■ Cell-to-cell communication, adhesion, and structural support: Speeial- 
ized eonneetions between adjaeent plasma membranes or between plasma 
membranes and extracellular materials allow eells to communicate with 
and attaeh to eaeh other and give tissues a stable structure. 


Components of the Plasma Memhrane 

The plasma membrane is eomposed of complex ehemieal compounds, including 
phospholipids, proteins, glyeolipids, and sterols such as eholesterol gure 2.3a . 
The ehemieal eomposition of the plasma membrane varies from eell to eell depend- 
ing on the function of that eell. 

Phospholipids The plasma membrane is ealled a phospholipid bilayer 

because its phospholipids form two distinet layers. In eaeh layer the phospho- 
lipid molecules are arranged so that their heads are at the eell surface and their 
tails are on the inside gure 2.3b]. Dissolved ions and water-soluble eom- 
pounds eannot eross the lipid portion of the plasma membrane because the 
lipid tails will not assoeiate with water molecules. This feature makes the mem- 
brane very effeetive in isolating the eytoplasm from the surrounding fluid envi- 
ronment. This isolation is important because the eomposition of the eytoplasm 
is very different from that of the extracellular fluid, and that differenee must 
be maintained. 

Proteins There are two general types of membrane proteins. Peripheral 
proteins are attaehed to either the inner or outer membrane surface, depend- 
ing on their function. Integral proteins (also ealled transmembrane proteins ) 
are embedded in the membrane. Most integral proteins are quite long and 
folded and, therefore, span the entire width of the membrane one or more 
times. Some integral proteins form ehannels that let water molecules, ions, and 
small water-soluble substances into or out of the eell. Communication between 
the interior and exterior of the eell occurs through these ehannels. Some of the 
ehannels are gated ehannels that ean open or elose to regulate the passage 
of materials. Other integral proteins function in eell-to-eell reeognition or as 
eatalysts or reeeptor sites. Because of the membrane’s fluidity, integral proteins 
move within the membrane like iee cubes drifting in a bowl of punch. 

Glyeolipids The inner and outer surfaces of the plasma membrane differ 
in protein and lipid eomposition. The earbohydrate ( glyeo -) eomponent of the 
glyeolipids and glyeoproteins that extend away from the outer surface of the 
plasma membrane form a viscous, superficial eoating known as the glycocalyx 
( calyx , cup). Some of these molecules function as reeeptors. When a mem- 
brane reeeptor binds to a speeifie molecule in the extracellular fluid, the 
membrane reeeptor triggers a ehange in cellular aetivity. For example, eyto- 
plasmie enzymes on the inner surface of the plasma membrane are bound to 
integral proteins, and events on the membrane surface affeet the aetivities of 
these enzymes. 

Sterols Sterols stabilize the membrane structure and maintain its fluidity. 
The most eommon sterol in the plasma membrane of human eells is eholes- 
terol. The eomposition of the plasma membrane ehanges over time through the 
removal and replaeement of membrane eomponents. 


■ Regulation of exchange with the environment: The plasma membrane 
eontrols the entry of ions and nutrients, the elimination of wastes, and the 
release of seeretory products. 

■ Sensitivity: The plasma membrane is the first part of the eell affeeted by 
ehanges in the extracellular fluid. It also eontains a variety of reeeptors 


Membrane Permeability: Passive and Aetive Proeesses 

The permeability of a membrane determines its effeetiveness as a barrier. The 
greater its permeability, the easier it is for substances to eross the membrane. If 
nothing erosses a membrane, it is impermeable. If all substances eross with- 
out difficulty, it is freely permeable. 
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Figure 2.3 The Plasma Membrane 
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The plasma membrane 


Plasma membranes fall somewhere in between and thus are seleetively 
permeable. A seleetively permeable membrane permits some substances to eross 
freely but restriets others from erossing. Differenees in permeability may be due to 
a substance’s size, eleetrieal eharge, molecular shape, solubility, or any eombi- 
nation of these faetors. 

The permeability of the plasma membrane varies depending on the orga- 
nization and eharaeteristies of the lipids and proteins within it. A substance 
may pass through the membrane by a passive or aetive proeess. Spotlight 
Figure 2.4 explains three passive proeesses, diffusion, osmosis, and faeili- 
tated diffusion, and three aetive proeesses, aetive transport, endoeytosis, 
and exocytosis. 

Extensions of the Plasma Membrane: Mierovilli 

Mierovilli (singular, microvillus ) are small, finger-shaped projeetions of the 
plasma membrane. They are found in eells that absorb materials from the 
extracellular fluid, such as in the small intestine and kidneys (look ahead to 

igure 2.5a,b, p. 34). 

Mierovilli promote absorption by inereasing the surface area exposed to the 
extracellular environment. A network of mierofilaments stiffens eaeh mierovil- 
lus and anehors it to the terminal web, a dense supporting network within the 
underlying eytoskeleton. The eytoskeleton is the eelks internal framework of 
filaments and fibers. interaetions between these mierofilaments and the eyto- 
skeleton produce a waving or bending aetion. Movements of the mierovilli eir- 
culate fluid elose to the plasma membrane, bringing dissolved substances into 
eontaet with reeeptors on the membrane surface. 


The Cytoplasm 

► KEY POINT Inside the eell, the eytoplasm eonsists of the eytosol and various 
organelles. 

Cytoplasm is the general term for all the material found inside the eell. The eyto- 

plasm eontains more proteins than the extracellular fluid; proteins account for 

15-30 pereent of the weight of the eell. The eytoplasm has two major eomponents: 

o Cytosol, or intraeelMar fluid, eontains dissolved nutrients, ions, soluble 
and insoluble proteins, and wastes. The plasma membrane separates the 
eytosol from the surrounding extracellular fluid. 

o Organelles (or-ga-NELZ) are intracellular structures that have speeifie 
functions. 

The Cytosol 

The eomposition of the eytosol differs from that of extracellular fluid in three 

important ways: 

o The eytosol eontains a high eoneentration of potassimn ions, while extra- 
cellular fluid eontains a high eoneentration of sodium ions. The numbers 
of positive and negative ions are not in balanee aeross the plasma mem- 
brane. Outside the plasma membrane there is a net excess of positive 
eharges, and inside there is a net excess of negative eharges. This sepa- 
ration of unlike eharges ereates a membrane potential, like a miniature 
battery. (The signifieanee of the membrane potential will be discussed in 
Ohapter 13.) 
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SPOTLIGHT 


FIGLIRE 2.4 


Membrane Permeability: Passive and Aetive Proeesses 


Materials eross the plasma membrane 
passively (without using cellular energy) or 
aetively (using cellular energy). 
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Diffusion is the movement of molecules 
from an area of higher eoneentration to an 
area of lovver eoneentration. The differenee 
betvveen the high and low eoneentrations is 
a eoneentration gradient. In diffusion 5 
molecules move down a eoneentration 
gradient until the gradient is eliminated. 

Faetors Affeeting Rate: 

Membrane permeability; eoneentration 
gradient; size, eharge, and lipid solubility of the 
diffusing molecules; presenee of membrane 
ehannel proteins; temperature 

Substances Involved (all eells): 

Gases, small inorganie ions and molecules, 
lipid-soluble materials 









Plasma 

membrane 
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Extracellular 
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Example: 

When the eoneentration of C02 
inside a eell is greater than outside 
the eell, C0 2 diffuses out of the eell 
and into the extracellular fluid. 




Osmosis 


Osmosis is the diffusion of water molecules 
(rather than solutes) aeross a seleetively 
permeable membrane. Note that water 
molecules diffusing toward an area of lower 
vvater eoneentration are moving toward an area 
of higher solute eoneentration. Because solute 
eoneentrations ean easily be determined, they 
are used to determine the direetion and foree 
of osmotie water movement. 


Faetors Affeeting Rate: 

Concentration gradient; opposing pressure 

Substances Involved: 

VVater only 



9 




j • 


• • 



■j • 


a ' 


Example: 

If the solute eoneentration outside 
a eell is greater than inside the eell, 
water molecules will move aeross 
the plasma membrane into the 
extracellular fluid. 


Water 



Solute 


Faeilitated diffusion 


ln faeilitated diffiision, solutes are 
passively transported aeross a plasma 
membrane by a earrier protein. As in 
simple diffusion, the direetion of move- 
ment follows the eoneentration gradient. 

Faetors Affeeting Rate: 

Concentration gradient; size, eharge, and 
solubility of the solutes; temperature; 
availability of earrier proteins 

Substances Involved (all eells): 

Glucose and amino aeids 
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Carrier protein releases 
glucose into eytoplasm 


Example: 

Nutrients that are insoluble 
in lipids or too large to fit 
through membrane 
ehannels may be 
transported aeross the 
plasma membrane by 
earrier proteins. Many 
earrier proteins move a 
speeifie substance in one 
direetion only, either into 
or out of the eell, after first 
binding the substance at a 
speeifie reeeptor site. 
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Using aetive transport, earrier proteins ean move speeifie 
substances aeross the plasma membrane despite an 
opposing eoneentration gradient. Carrier proteins that 
move one solute in one direetion and another solute in the 
opposite direetion are ealled exchange pumps. 

Faetors Affeeting Rate: 

Availability of earrier proteins, substrate, and ATP 

Substances Involved: 

Na + , K+, Ca 2 +, Mg 2 +; other solutes in speeial 


3 Na+j- 

0(5 < 


Sodium-potassium 
exchange pump 


2 K+ 


n 


ATP ADP 


Cytoplasm 


Example: 

One of the most eommon 
examples of aetive transport 
is the sodium-potassium 
exchange pump. For eaeh 
molecule of ATP consumed, 
three sodium ions are 
ejeeted from the eell and two 
potassium ions are reelaimed 
from the extracellular fluid. 


Endoeytosis 


Endoeytosis is the paekaging of extracellular materials into a vesiele (a membrane-bound sae) for importation into the eell. 


Pinoeytosis 

ln pinoeytosis, vesieles form at the plasma 
membrane and bring extracellular fluid and 
small molecules into the eell. This proeess is 
often ealled “eell drinking.” 


Pinoeytotie 

vesiele 

forming 


Example: 

Water and small 
molecules within a 
vesiele may enter 
the eytoplasm 
through earrier- 
mediated transport 
or diffusion. 


Phagoeytosis 

ln phagoeytosis, vesieles form at the 
plasma membrane to bring solid 
partieles into the eell. This proeess is 
often ealled “eell eating.” 

Faetors Affeeting Rate: 

Presenee and abundance of 
extracellular pathogens or debris 

Substances Involved: 

Baeteria, vimses, eell debris, and 


Cell 


Faetors Affeeting Rate: 

Stimulus and meehanism not understood 


Substances Involved: 

Extracellular fluid and its assoeiated 
solutes 


Exocytosis 


other foreign material 


Pseudopodium 
extends to 
surround objeet 


Example: 

Large partieles are 
brought into the eell 
when eytoplasmie 
extensions (ealled 
pseudopodia) engulf 
the partiele and form 
a phagoeytie vesiele. 


Cell 


Phagoeytie 

vesiele 


Exocytosis is the release of fluids 
and/or solids from eells when 
intracellular vesieles fuse with the 
plasma membrane. 


Faetors Affeeting Rate: 

Stimulus and meehanism ineompletely 
understood; requires ATP and calcium ions 

Substances Involved: 

Fluid and cellular wastes; seeretory products 
from some eells 


Reeeptor-mediated endoeytosis 
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In reeeptor-mediated 
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Example: 

Eaeh eell has 
speeifie sensitivities 
to extracellular 


bind to speeifie reeeptor proteins materials, depend- 


on the membrane surface, 
triggering vesiele formation. 

Faetors Affeeting Rate: 

Number of reeeptors on the 

plasma membrane and the eoneentration 

of target molecules (ealled ligands) 

Siibstanees Involved: 

Many examples, including eholesterol 

and iron ions 


ing on the kind of 
reeeptor proteins 
present in the 
plasma membrane. 


Material 
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Example: 

Cellular wastes that 
accumulate in vesieles 
are ejeeted from the eell 



























Figiire 2.5 The Cytoskeleton 
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The eytoskeleton provides strength 
and structural support for the eell and 
its organelles. interaetions between 
eytoskeletal elements are also 
important in moving organelles and 
in ehanging the shape of the eell. 
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A SEM image of the mierofilaments 
and mierovilli of an intestinal eell. 
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Microtubules (yellow) in a living eell, 
as seen after fluorescent labeling. 


o The eytosol eontains a relatively high eoneentration of dissolved and sus- 
pended proteins. Many of these proteins are enzymes that regulate meta- 
bolie operations, while others are assoeiated with various organelles. These 
proteins give the eytosol a eonsisteney ranging from that of thin maple 
syrup to that of almost-set gelatin, depending on the eytosol’s eomposition. 

o The eytosol eontains small quantities of earbohydrates and large amounts 
of amino aeids and lipids. The eell breaks down the earbohydrates for 
energy, uses the amino aeids to manufacture proteins, and uses the lipids 
to maintain plasma membranes and provide energy when earbohydrates 
are unavailable. 

The eytosol also eontains masses of insoluble substances known as inclusions, 
or ineliision bodies. The most eommon inclusions are stored nutrients, for exam- 
ple, glyeogen granules in liver or skeletal muscle eells and lipid droplets in fat 
eells. 

Organelles 

Organelles are found in all eells of the human body, but their types and num- 
bers differ depending on the eell type. Eaeh organelle has speeifie functions 
that are essential to normal eell structure, maintenanee, and/or metabolism. 
Cellular organelles ean be divided into two broad eategories (Table 2.1, p. 29): 


■ Nonmembranous organelles are always in eontaet with the eytosol. 

■ Membranous organelles are surrounded by membranes that isolate their 
eontents from the eytosol, just as the plasma membrane isolates the eyto- 
sol from the extracellular fluid. 

Nonmembranous Organelles 

► KEY POINT Nonmembranous organelles—the eytoskeleton, eentrioles, eilia, 
flagella, and ribosomes—laek a membrane. 

Nonmembranous organelles include the eytoskeleton, eentrioles, eilia, fla- 
gella, and ribosomes. 

The Cytoskeleton 

Examination of a eell with the eleetron mieroseope demonstrates a dense, 
seemingly disorganized mat of filaments. These filaments are often grouped 
into bundles, forming a framework that makes the eytoplasm strong and flex- 
ible. This internal framework of fibers is the eytoskeleton. The eytoskeleton 
has four major eomponents: mierofilaments, intermediate filaments, thiek fil- 
aments, and microtubules. 
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Mierofilaments Mierofilaments are slender strands eomposed mainly of 
the protein aetin. In most eells, mierofilaments are seattered throughout the 
eytosol and form a dense network deep to the plasma membrane. Figure 2.5a,b 
shows the superficial layers of mierofilaments in a eell of the small intestine. 
Mierofilaments have two major functions: 

o Mierofilaments anehor the eytoskeleton to integral proteins of the plasma 
membrane. This stabilizes the position of the membrane proteins, strength- 
ens the eell, and attaehes the plasma membrane to the underlying eytoplasm. 

o Aetin mierofilaments interaet with other mierofilaments or larger struc- 
tures eomposed of the protein myosin. This interaetion allows part of the 
eell to move or ehanges the shape of the entire eell. 

Intermediate Filaments The eomposition of intermediate filaments, 

which are defined mainly by their size, varies depending on eell type. Interme- 
diate filaments stabilize organelles, transport materials within the eytoplasm, 
or provide strength. For example, speeialized intermediate filaments in nerves 
ealled neurofilaments support the axons, which are cellular proeesses that 
may be up to a meter in length. 

Thiek Filaments Filaments eomposed of myosin protein subunits are termed 
thiek filaments because of their large size. Thiek filaments are abundant in mus- 
ele eells, where they interaet with aetin filaments to produce powerful eontraetions. 

Mierotilbllles All eells possess microtubules, small, hollow tubes built 
from the protein tubulin. gures 2.5a,c and 2.6 show microtubules in 


the eytoplasm of various eells. A microtubule forms temporarily from a eol- 
leetion of tubulin molecules, but then disassembles into individual tubulin 
molecules onee again. The microtubular array is eentered in a region ealled 
the eentrosome. Microtubules radiate outward from the eentrosome into the 
edge of the eell. 

Microtubules have a variety of functions: 

■ Microtubules form the main eomponents of the eytoskeleton, giving the 
eell strength and rigidity and anehoring major organelles. 

■ As microtubules assemble and disassemble, they ehange the shape of the 
eell and may help the eell move. 

■ Microtubules attaeh to organelles and other intracellular materials and 
move them around within the eell. 

■ During eell division, microtubules form the spindle apparatus that distrib- 
utes the duplicated ehromosomes (genetie material) to opposite ends of 
the dividing eell. We will discuss this proeess later in the ehapter. 

■ Microtubules form structural eomponents of organelles such as eentrioles, 
eilia, and flagella. Although these organelles are assoeiated with the plasma 
membrane, they do not have their own enelosing membrane; therefore, 
they are nonmembranous organelles. 

The eytoskeleton as a whole ineorporates mierofilaments, intermedi- 
ate filaments, and microtubules into a network that extends throughout the 
eytoplasm. The organizational details are as yet poorly understood because the 
network is delieate and difficult to study in an intaet state. 


Figure 2.6 Centrioles and Cilia 
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A eentriole eonsists of nine 
imicrotubule triplets (9 + 0 array) 
The eentrosome eontains a pair 
of eentrioles oriented at right 
angles to one another. 
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A cilium eontains nine pairs of microtubules 
surrounding a eentral pair (9 + 2 array). 




Power stroke 


Return stroke 
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A single cilium swings in one direetion and then 
returns to its original position. During the power 
stroke, the cilium is relatively stiff, but during the 
return stroke, it bends and moves parallel to the 
eell surface. 
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CLINICAL NOTE 


Bodybiiilding 


Skeletal muscle eells laek eentrioles and do not divide. They 
do 7 however 7 hypertrophy, or grow larger. The bodybuilder 
shown in these before and after photos has the same number 
of individual muscle eells, but with exercise, eaeh eell has grown 
larger. 




Centríoles, Cilia, and Flagella 

The eytoskeleton eontains groups of microtubules that function individually as 
eentrioles, eilia, and flagella (Table 2.2). 

Centrioles A eentriole is a eylindrieal structure eomposed of short miero- 
tubules igure 2.6a' . Within a eentriole there are nine groups of microtu- 
bules; eaeh group is eomposed of a triplet of microtubules. Because there are 
no eentral microtubules in the eentriole, this is ealled a 9 + 0 array. The first 
number (9) indieates the number of peripheral groups of microtubules in the 
ring, and the seeond number (zero) indieates the number of microtubules at 
the eenter of the ring. 


Table 2.2 


Characteristics of Centrioles, Cilia, and Flagella 


Structure 

Microtubule 

Organization 

Loeation 

Function 

Centrioles 

Nine groups of 
microtubule triplets 
form a short 
eylinder 

ln eentrosome 
near nucleus 

Organize 

microtubules in the 
spindle to move 
ehromosomes 
during eell division 

Cilia 

Nine groups of 
long microtubule 
doublets form a 
eylinder around a 
eentral pair 

At eell surface 

Propel fluids or 
solids aeross eell 
surface 

Flagella 

Same as Cilia 

At eell surface 

Propel sperm eells 
through fluid 


Cells that do not divide, such as mature red blood eells and skeletal muscle 
eells, laek eentrioles. Cells that ean divide eontain a pair of eentrioles arranged 
at right angles to eaeh other. The eentrosome is a elear region of eytoplasm 
that eontains this pair of eentrioles. It direets the organization of the microtu- 
bules of the eytoskeleton. 

Cilia A eiliiim (plural, eilia) is eomposed of nine groups of microtubule 
doublets surrounding a eentral pair of microtubules, an arrangement known 
as a 9 + 2 array igure 2.6b). Cilia are anehored to a eompaet basal body 
loeated just beneath the eell surface. The structure of the basal body resembles 
that of a eentriole. The plasma membrane eovers the exposed portion of the 
cilium eompletely. 

Cilia “beat” rhythmieally to move fluids or seeretions aeross the eell sur- 
faee -igure 2.6c) . For example, eilia lining the respiratory traet beat in a eoor- 
dinated manner to move stieky mucus and trapped dust partieles toward the 
throat and away from delieate respiratory surfaces. If the eilia are damaged due 
to smoking or a metabolie problem, the irritants stay in the lungs and ehronie 
respiratory infeetions develop. 

Flagella Flagella (fla-JEL-ah; singular, flagellum, “whip”) resemble eilia 
but are much longer. A flagellum moves a eell through the surrounding fluid, 
rather than moving the fluid past a stationary eell. The sperm eell is the only 
eell in the human body that has a flagellmn; it moves the eell along the female 
reproductive traet. If a man’s sperm flagella are paralyzed or abnormal, the 
man is sterile because immobile sperm eannot reaeh and fertilize an ooeyte (a 
female sex eell). 

Ribosomes 

Ribosomes are too small to be seen with a light mieroseope. In an eleetron 
mierograph, they appear as dense gramiles about 25 nm in diameter iigure 2.7a' . 
Ribosomes are found in all eells, but their number varies depending on the type 
of eell and its aetivities. These nonmembranous organelles are intracellular fae- 
tories that manufacture proteins using information provided by the DNA (the 
earrier of genetie information) of the nucleus. Eaeh ribosome, which is eom- 
posed of about 60 pereent RNA (a macromolecule) and 40 pereent protein, eon- 
sists of two subunits that interloek as protein synthesis begins igure 2.7b' . 
When protein synthesis is eomplete, the subunits separate. 

There are two major types of ribosomes igure 2.7a] : 

■ Free ribosomes are seattered throughout the eytosol. 

■ Attaehed ribosomes are temporarily attaehed to the endoplasmie reticu- 

lum, a membranous organelle. 

Free and attaehed ribosomes are identieal in structure and function; they 
differ only in loeation and the proteins they produce. Proteins manufactured by 
free ribosomes enter the eytosol. Proteins manufactured by attaehed ribosomes 
enter the lumen, or internal eavity, of the endoplasmie reticulum, where they 
are modified and paekaged for export. We will detail these proeesses later in 
this ehapter. 


Membranous Organelles 

► KEY POINT Eaeh membranous organelle—the mitoehondrion, nucleus, en- 
doplasmie reticulum, Golgi apparatus, lysosome, and peroxisome—is eompletely 
surrounded by a membrane that isolates its eontents from the eytosol. 

Membranous organelles are surrounded by a phospholipid bilayer membranee 
that is similar in structure to the plasma membrane. The isolation provided by its 
membrane allows a membranous organelle to manufacture or store substances 
that could harm the eytoplasm. There are six types of membranoiis organelles: 
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Figure 2.7 Ribosomes. These small, dense structures are involved in protein synthesis. 
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Nucleus Free ribosomes 
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An individual ribosome, eonsisting 
of small and large subunits. 


TEM X 73,600 




Both free and fixed ribosomes ean be 
seen in the eytoplasm of this eell. 


mitoehondria, nucleus, endoplasmie reticulum, Golgi apparatus, lysosomes, and 
peroxisomes (see Table 2.1 on p. 29). 

Mitoehondria 

Mitoehondria (ml-tò-KON-dré-ah; singular, mitoehondrion; mitos, thread, + 
ehondrion, small granules) produce ATP by breaking down organie molecules 
in a series of reaetions that consume oxygen (0 2 ) and generate earbon diox- 
ide (C0 2 ). This series of eatabolie ehemieal reaetions within the mitoehondria 
produces about 95 pereent of the energy needed to keep a eell alive. Mitoehon- 
dria have an unusual double-layered membrane gure 2.8). An outer mem- 
brane surrounds the entire organelle, and a seeond, inner membrane eontains 
numerous folds, ealled eristae. These eristae surround the fluid eontents, or 
matrix, and provide a large surface area for the organization of the enzymes 
that produce most of the ATP. Mitoehondria have various shapes, ranging from 


long and slender to short and fat. They eontrol their own maintenanee, growth, 
and reproduction. 

The number of mitoehondria in a eell varies depending on the eelks energy 
demands. Red blood eells laek mitoehondria—they obtain energy in other 
ways—but skeletal muscle eells typieally eontain as many as 300 mitoehondria. 
Muscle eells have high rates of energy consumption, and over time the mito- 
ehondria respond to inereased energy demands by reproducing. The inereased 
numbers of mitoehondria ean provide energy faster and in greater amounts, 
thereby improving muscular performanee. 

The Nudeus 

The nucleus is the eontrol eenter for cellular operations. A single nucleus 
stores all the information needed to eontrol the synthesis of the approximately 
100,000 different proteins in the human body. The nucleus determines the 


Figure 2.8 Mitoehondria. The three-dimensional organization of a mitoehondrion, and a eolor- 
enhaneed TEM shovving a typieal mitoehondrion ín seetion. 
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| structural and functional eharaeteristies of the eell by eontrolling which pro- 
teins are synthesized, when they are synthesized, and in what amounts. 

Most eells eontain a single nucleus, but there are exceptions. For exam- 
ple, skeletal muscle eells are multinucleate (multi-, many) because they 
have many nuclei, whereas mature red blood eells are anucleate (a-, without) 
because they laek a nucleus. A eell without a nucleus will survive only three to 
four months. 

igure 2.9 details the structure of a typieal nucleus. Surrounding the 
nucleus and separating it from the eytosol is the nuclear envelope, a double- 
layered membrane that eneloses a narrow perinuclear spaee ( peri-, around). 
The inner membrane eontains proteins that are binding sites for ehromosomes, 
while the eomposition of the external membrane is similar to that of the endo- 
plasmie reticulum. At several loeations, the nuclear envelope is eonneeted to the 
rough endoplasmie reticulum (see gure 2.1 , p. 29). 

The nucleus direets proeesses taking plaee in the eytosol and also 
reeeives information about eonditions and aetivities in the eytosol. Chemical 


communication between the nucleus and eytosol occurs through nuclear 
pores, a complex of proteins that regulates the movement of macromolecules 
into and out of the nucleus. These pores, which account for about 10 pereent 
of the surface of the nucleus, permit the movement of water, ions, and small 
molecules but regulate the passage of large proteins, RNA, and DNA. 

The mieleoplasm is a jelly-like fluid substance within the nucleus. The 
nucleoplasm eontains a network of fine filaments, the nuclear matrix, 
which provides structural support and may help regulate genetie aetivity. Ions, 
enzymes, proteins, small amounts of RNA, and DNA are also suspended within 
the nucleoplasm. The DNA strands form complex structures known as ehro- 
mosomes (ehroma, eolor). Eaeh ehromosome eontains DNA strands bound 
to speeial proteins ealled histones. The nucleus of eaeh of your somatie eells 
eontains 23 pairs of ehromosomes; one member of eaeh pair eame from your 
mother and one from your father. egiire 2.10 diagrams a typieal ehromosome. 

At intervals, the DNA strands wind around the histones, forming a eom- 
plex ealled a mieleosome. The entire ehain of nucleosomes may eoil around 


Figure 2.9 The Nucleus. The nucleus is the eontrol eenter for eel I ular aetivities. 
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TEM showing important nuclear structures. 
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A nuclear pore and the 
perinuclear spaee. 
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The eell seen in this SEM was frozen and then 
broken apart so that internal structures could 
be seen. This technique, ealled freeze-fracture, 
provides a unique perspeetive on the internal 
organization of eells. The nuclear envelope and 
nuclear pores are visible; the fracturing proeess 
broke away part of the outer membrane of the 
nuclear envelope, and the cut edge of the 
nucleus ean be seen. 
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Figure 2.10 Chromosome Structure. DNA strands eoil around histones to form nucleosomes 
Nucleosomes form eoils that may be very tight or rather loose. 




Chromatin in nucleus 


Nucleus of nondividing eell 



In eells that are not dividing, the DNA is loosely eoiled, 
forming a tangled network known as ehromatin. 
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When the eoiling beeomes tighter, as it does in preparation for eell division, the 
DNA beeomes visible as distinet structures ealled ehromosomes. Chromosomes 
are eomposed of two sister ehromatids that attaeh at a single point, the eentro- 
mere. Kinetoehores are the region of the eentromere where spindle fibers attaeh 
during mitosis. 


other histones. The degree of eoiling determines whether the ehromosome is 
long and thin or short and fat. In dividing eells, ehromosomes are tightly eoiled 
and elearly visible in light or eleetron mierographs. In eells that are not divid- 
ing, the ehromosomes are loosely eoiled, forming a tangle of fine filaments 
known as ehromatin (KRÓ-ma-tin). Eaeh ehromosome has some tightly 
eoiled regions, and only these areas stain elearly. This makes the nucleus look 
clumped and grainy. 

The ehromosomes also have direet eontrol over the synthesis of RNA. 
Most nuclei eontain one to four dark-staining areas ealled mieleoli 
(nu-KLÀ-ò-lT; singular, nudeo\us). Nucleoli are nuclear organelles that 
synthesize the eomponents of ribosomes. A nucleolus eontains histones 
and enzymes as well as RNA, and it forms around a ehromosomal region 
eontaining the genetie instructions for producing ribosomal proteins and 
RNA. Nucleoli are most prominent in eells that manufacture many pro- 
teins, such as liver eells and muscle eells, because these eells need large 
numbers of ribosomes. 

The Endoplasmie Reticulum 

The endoplasmie reticulum (en-dò-PLAZ-mik re-TIK-u-lum), or ER, is a 
network of intracellular membranes forming hollow tubes, flattened sheets, 


and rounded ehambers gure 2.1 . The ehambers are ealled eisternae 

(sis-TUR-nè; singular, dsterna, a reservoir for water). 

The endoplasmie reticulum has four major functions: 

o Synthesis: The ER eontains speeialized regions that manufacture lipids, 
proteins, and earbohydrates. The eisternae of the ER store these manufac- 
tured products. 

o Storage: The ER stores synthesized molecules and substances absorbed 
from the eytosol without affeeting other cellular operations. 

o Transport: Substances travel from plaee to plaee within the eell inside the 
endoplasmie reticulum. 

o Detoxification: The ER absorbs drugs and toxins and neutralizes them 
with enzymes. 

The ER thus functions as a eombination workshop, storage area, and ship- 
ping depot. It is where many newly synthesized proteins undergo ehemieal 
modifieation and are paekaged for export to their next destination, the Golgi 
apparatus. 

There are two distinet types of endoplasmie reticulum: rough and smooth. 
The outer surface of the rough endoplasmie reticulum (RER) eontains 
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Figiire 2.1 The Endoplasmie Reticulum. This organelle is a network of intracellular membranes. 
The figure shows the three-dimensional relationships between the nucleus and the rough and 
smooth endoplasmie reticulum. 
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attaehed ribosomes. Ribosomes synthesize proteins using instmetions provided 
by a strand of RNA. As the polypeptide ehains grow, they enter the eisternae of 
the endoplasmie reticulum, where they are further modified. The proteins and 
glyeoproteins produced by the RER are paekaged into small membrane saes 
that pineh off the edges or surfaces of the ER. These transport vesieles deliver 
the proteins to another organelle ealled the Golgi apparatus. 

The smooth endoplasmie reticulum (SER) laeks ribosomes. The SER 
has a variety of functions that eenter on synthesizing lipids, steroids, and earbo- 
hydrates; storing calcium ions; and removing and inaetivating toxins. 

Figure 2.12 TEM of the Golgi Apparatus 



Golgi apparatus TEM x 83,520 


The amount of endoplasmie reticulum and the proportion of RER to SER 
vary depending on the type of eell and its aetivities. For example, panereatie 
eells manufacturing digestive enzymes eontain extensive RER and little SER. 
The situation is reversed in eells synthesizing steroid hormones in reproduc- 
tive organs. 


The Golgi Apparatus 

The Golgi (GÓL-jè) apparatus, or Golgi complex, eonsists of flattened mem- 
brane dises ealled eisternae. A typieal Golgi apparatus eonsists of five to six eis- 
ternae igure 2.12 . Aetively seereting eells have larger and more numerous 
eisternae than resting eells. The most aetively seereting eells eontain several sets 
of eisternae, eaeh resembling a staek of dinner plates. Most often these staeks 
lie near the nucleus of the eell. 

The major functions of the Golgi apparatus are to: 

■ Paekage enzymes for use in the eytosol 

■ Renew or modify the plasma membrane 

■ Synthesize and paekage seeretions 

Spotlight Figure 2.13 illustrates these functions. 


Lysosomes 

Most of the vesieles produced at the Golgi apparatus never leave the eytoplasm. 
The most important of these are lysosomes (LÍ-sò-sòms; lyso-, dissolution, + 
soma, body), vesieles filled with digestive enzymes formed by the rough endo- 
plasmie reticulum and then paekaged within the lysosomes by the Golgi appa- 
ratus. Primary lysosomes eontain inaetive enzymes. Seeondary lysosomes, 
which eontain aetivated enzymes, form when a primary lysosome fuses with 
another membrane-bound vesiele. 

The functions of lysosomes include defending against disease. Using the 
proeess of endoeytosis, eells remove baeteria, fluids, and organie debris from 
their surroundings and isolate them within vesieles. Primary lysosomes fuse with 
these vesieles, forming seeondary lysosomes, and the digestive enzymes within the 
seeondary lysosomes break down the eontents. Reusable substances such as 
sugars or amino aeids are released into the eytosol, and the remaining wastes 
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SPOTLIGHT 


FIGIIRE 2.13 


Functions of the Golgi Apparatus 


The flattened membrane dises, 
or eisternae, of the Golgi 
apparatus communicate with 
the endoplasmie reticulum 
(ER) and with the eell surface by 
the formation, movement, and 
fusion of vesieles. 

Three major functions 
of the Golgi apparatus 

■ Paekaging of Enzymes 
for Use in the Oytosol 

Among the vesieles that are paekaged 
by the Golgi and remain in the 
eytoplasm are lysosomes, which are 
filled with enzymes that break down 
engulfed foreign material or pathogens 
as well as damaged membranous 
organelles. 

■ Renewal or Modifieation 
of the Plasma Membrane 

As the Golgi apparatus loses 
membrane through the generation of 
vesieles at the maturing (or trans) 
faee, it gains membrane by the fusion 
of transport vesieles at the forming 
(or e/s) faee. When Golgi-generated 
vesieles fuse with the plasma mem- 
brane, it adds to the surface area of 
the eell, balaneing the membrane loss 
that occurs during endoeytosis. Over 
time, this proeess ean ehange the 
sensitivity and functions of the eell. 

In an aetively seereting eell the 
ehange ean be rapid, and the entire 
plasma membrane may be replaeed 
every hour. 

■ Synthesis and Paekaging 
of Seeretions 

At the maturing faee, vesieles form 
that earry materials away from the 
Golgi apparatus. Vesieles eontaining 
material that will be seereted from the 
eell are ealled seeretory vesieles. 
When a seeretory vesiele fuses with 
the plasma membrane, its eontents are 
released into the extracellular fluid; this 
proeess is known as exocytosis. The 
events in the synthesis and paekaging 
of seeretions are deseribed on the 
right side of this figure. 
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I are eliminated by exocytosis. In this way, the eell not only proteets itself against 
pathogens (disease-causing organisms) but also obtains valuable nutrients. 

Lysosomes also perform essential cleanup and reeyeling aetivities inside the 
eell. For example, when muscle eells are inaetive, lysosomes gradually break down 
their eontraetile proteins—this proeess accounts for the deereased muscle mass 
that occurs with aging or disuse. If the muscle eells beeome aetive onee again, the 
destmetion eeases. In a damaged or dead eell, lysosomes disintegrate and release 
aetive enzymes into the eytosol. These enzymes rapidly destroy the proteins and 
organelles of the eell, a proeess ealled autolysis (aw-TOL-i-sis; auto~, self). 
Because the breakdown of lysosomal membranes ean destroy a eell, lysosomes 
have been ealled cellular a suicide paekets.” 

Peroxisomes 

Peroxisomes are smaller than lysosomes and earry a different group of enzymes. 
Peroxisome enzymes are formed by free ribosomes and are inserted into the mem- 
branes of pre-existing peroxisomes. Therefore, new peroxisomes result from the eell 
reeyeling older, pre-existing peroxisomes that no longer eontain aetive enzymes. 

Enzymes within peroxisomes perform a wide variety of cellular functions. 
One group of enzymes, oxidases, breaks down organie compounds into hydro- 
gen peroxide (H 2 0 2 ), which is toxic to eells. Oatalase, another enzyme within 
peroxisomes, then eonverts hydrogen peroxide to water and oxygen. Peroxi- 
somes also absorb and break down fatty aeids. Peroxisomes are most abundant 
in liver eells, which remove and neutralize toxins absorbed in the digestive traet. 

Membrane Flow 

► KEY POINT Membrane flow is the cellular meehanism that ehanges the ana- 
tomieal and functional eharaeteristies of the plasma membrane. 

With the exception of mitoehondria, all the membranous organelles in the eell 
either are intereonneeted or eomrmmieate through the movement of vesieles. 
The RER and SER are continuous and eonneeted to the nuclear envelope. Trans- 
port vesieles eonneet the ER with the Golgi apparatus, and seeretory vesieles 
link the Golgi apparatus with the plasma membrane. Finally, vesieles forming 
at the exposed surface of the eell remove and reeyele segments of the plasma 
membrane (see Spotlight Figure 2.13 on p. 41). 

This continual movement and exchange, ealled membrane flow, allows a 
eell to ehange the eharaeteristies of the lipids, reeeptors, ehannels, anehors, and 
enzymes within its plasma membrane. Membrane flow enables the eell to grow, 
mature, and respond to environmental stimuli. 

CONCEPT CHECK 

1 What term is used to deseribe the permeability of the 
plasma membrane? 

2 What are the three types of endoeytosis? How do they 
differ? 

3 Identify the two subdivisions of the eytoplasm and the 
functions of eaeh. 

4 Mieroseopie examination of a eell reveals that it has 
many mitoehondria. What do you conclude about the 
energy requirements of this eell? 

5 Cells in the ovaries and testes eontain large amounts 
of smooth endoplasmie reticulum (SER). Why? 

See the blue Ansvvers tab at the baek of the book. 

intereelliilar Attaehments 

► KEY POINT Speeialized attaehments between eells or between eells and un- 
derlying structures involve eell adhesion molecules and eell junctions. 


Many eells form permanent or temporary attaehments to other eells or 
extracellular materials igure 2.14). Cellular eonneetions may involve 
extensive areas of opposing plasma membranes, or they may be eoneen- 
trated at speeialized attaehment sites. Large areas of opposing plasma mem- 
branes are intereonneeted by transmembrane proteins ealled eell adhesion 
molecules (CAMs), which bond to eaeh other and to extracellular mate- 
rials. For example, CAMs on the attaehed base of an epithelimn bind the 
basal surface (where the epithelium attaehes to underlying tissues) to the 
underlying basement membrane. The membranes of adjaeent eells may 
also be bonded by a thin layer of proteoglyeans that eontain polysaeeharide 
derivatives known as glyeosaminoglyeans, most notably hyaluronan ( hyal - 
uronic aeid). 

Cell junctions are speeialized areas of the plasma membrane that attaeh 
a eell to another eell or to extracellular materials. There are three eommon 
types of eell junctions: (1) gap junctions, (2) tight junctions, and (3) des- 
mosomes gure 2.14a]. At a gap junction, two eells are held together by 
two interloeking transmembrane proteins ealled connexons Figure 2.14b] . 
Eaeh connexon is eomposed of six connexin proteins that form a eylinder with 
a eentral pore. Two aligned connexons form a narrow passageway that lets 
small molecules and ions pass from eell to eell. Gap junctions are eommon in 
epithelial eells, where the movement of ions helps eoordinate functions such 
as the beating of eilia. They are also eommon in eardiae muscle and smooth 
muscle tissues. 

At a tight junction (also known as an occluding junction), the lipid 
portions of two plasma membranes are tightly bound together by inter- 
loeking membrane proteins gure 2,14c' . Inferior to the tight junc- 
tions, a continuous adhesion belt forms a band that eneireles eells and binds 
them to their neighbors. The bands are attaehed to the mierofilaments 
of the terminal web. This kind of attaehment is so tight that tight junc- 
tions largely prevent water and solutes from passing between the eells. At a 
desmosome, CAMs and proteoglyeans link the opposing plasma mem- 
branes. Desmosomes are very strong and ean resist stretehing and twisting. 
There are two types of desmosomes: spot desmosomes and hemidesmosomes. 
Spot desmosomes are small dises eonneeted to bands of intermediate fila- 
ments Figure 2.14d] . The intermediate filaments stabilize the eell shape. 
Hemidesmosomes resemble half of a spot desmosome gure 2.14e' . 
Rather than attaehing one eell to another, a hemidesmosome attaehes a 
eell to extracellular filaments in the basement membrane. This attaehment 
helps stabilize the position of the epithelial eell and anehors it to underly- 
ing tissues. 

2.2 CONCEPT CHECK 

6 Why do eells that need to eoordinate functions have 
communicating junctions between them? 

7 Deseribe tight junctions. 

See the blue Ansvvers tab at the baek of the book. 


2.3 The Cell Life Cyde 

► KEY POINT Somatie eell division duplicates genetie material (DNA repliea- 
tion) and distributes one eopy to eaeh of the two daughter eells (mitosis). 

Between fertilization and physieal maturity, a human inereases in complex- 
ity from a single eell to roughly 75 trillion eells. This amazing inerease occurs 
through eell division, a form of cellular reproduction. The division of a single 
eell produces a pair of daughter eells, eaeh half the size of the original. Thus, 
two new eells have replaeed the original one. 
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Figure 2.14 Cell Attaehments. 





A tight junction is formed by the fusion 
of the outer layers of two plasma 
membranes. Tight junctions prevent the 
diffusion of fluids and solutes between 
the eells. 
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to extracellular structures, such as the 
protein fibers in the basement membrane. 
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A diagrammatie view of epithelial 
eells showing the major types of 
intercellular eonneetions. 



Even after development ends, eell division continues to be essential to sur- 
vival. Although eells are highly adaptable, they are damaged by physieal wear 
and tear, toxic ehemieals, temperature ehanges, and other environmental haz- 
ards. The life span of a eell ranges from hours to deeades, depending on the type 
of eell and the environmental stresses involved. A typieal eell does not live nearly 
as long as a typieal person, so eells must divide to maintain eell populations. 

There are two important steps in eell division: DNA replieation and mitosis. 
DNA replieation is the accurate duplication of the eelbs genetie material, and 
mitosis (ml-TÒ-sis) is the distribution of one eopy of the genetie information 
to eaeh of the two new daughter eells. Mitosis occurs during the division of 
somatie eells, all the eells in the body other than the sex eells. (Reeall that sex 
eells give rise to sperm or ooeytes. A distinet proeess, meiosis (ml-Ó-sis), pro- 
duces sex eells. We will deseribe meiosis in ehapter 27.) 

Next, let's look at the steps involved in the division of somatie eells. 

Interphase 

► KEY POINT During interphase, the eell grows, duplicates organelles, and rep- 
lieates DNA as it prepares for the next mitosis. 

Figure 2.1 ‘ summarizes the life eyele of a typieal somatie eell. A somatie eell 
spends most of its functional life in interphase. During interphase the eell 


performs all of its normal functions and, if neeessary, prepares for division. 
Stages of interphase include G 0 , G 1? S, and G 2 . 

An interphase eell in the G 0 phase is performing all normal eell functions 
and is not preparing for division. Some mature eells, such as skeletal muscle 
eells and most neurons, remain in G 0 indefinitely and never undergo mitosis. 
In eontrast, stem eells, which divide repeatedly with very brief interphase peri- 
ods, never enter G 0 . 

In the phase, the eell manufactures enough mitoehondria, eytoskeletal 
elements, endoplasmie reticula, ribosomes, Golgi membranes, and eytosol to 
make two functional eells. In eells dividing at top speed, G^ may last as little as 
8-12 hours. Such eells pour all their energy into mitosis, and all other aetivities 
eease. If G^ lasts for days, weeks, or months, preparation for mitosis occurs as 
the eells perform their normal functions. 

After eompleting the aetivities of G 1? the eell enters the S phase. Over 
the next 6-8 hours, the eell duplicates its ehromosomes. This involves DNA 
replieation and the synthesis of histones (proteins in ehromosomes) and other 
proteins in the nucleus. 

DNA Replieation 

The DNA strands in the nucleus remain intaet throughout the life of a 
eell. DNA synthesis, or DNA replieation, occurs in eells preparing to 
undergo mitosis or meiosis. The goal of replieation is to eopy the genetie 
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I Figure 2.1 The Cell Life Cycle. The eell eyele is divided into interphase, 
eomprising the G 1# S # and G 2 stages # and the M phase # vvhieh includes 
mitosis and eytokinesis. The result is the production of two identieal 
daughter eells. 
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(See Figure 2.17) 


information in the nucleus so that one set of ehromosomes is distributed 
to eaeh of the two eells produced. Several different enzymes are needed for 
the proeess. 

Eaeh DNA molecule eonsists of a pair of nucleotide strands held together 
by hydrogen bonds between eomplementary nitrogen bases. Figure 2.16 dia- 
grams the proeess of DNA replieation. DNA replieation starts when the weak 
bonds between the nitrogenous bases are broken and the strands unwind, 
forming two segments—segment 1 and segment 2. As they unwind, molecules 
of the enzyme DNA polymerase bind to the exposed nitrogenous bases and 
allow the attaehment of eomplementary DNA nucleotides suspended in the 
nucleoplasm. 

Many molecules of DNA polymerase work simultaneously along different 
portions of eaeh DNA strand. This produces short eomplementary nucleotide 
ehains that are then linked together by enzymes ealled ligases (Ll-gàs-ez; liga, 
to tie). The final result is a pair of identieal DNA molecules. 

Onee DNA replieation is eompleted, there is a brief (2-5 hours) G 2 phase 
for last-minute protein synthesis. The eell then enters the M phase, and mito- 
sis begins (see ígure 2.1 ). The M phase of the eell eyele includes mitosis and 
eytokinesis, which are detailed in Spotlight Figure 2.17. 


Figure 2.16 DNA Replieation. In DNA replieation the original paired 
strands unwind # and DNA polymerase begins attaehing eomplementary 
DNA nucleotides along eaeh strand. This proeess produces two identieal 
eopies of the original DNA molecule. 
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Mitosis 

► KEY POINT Mitosis is the proeess by which a eell divides its nucleus and eyto- 
plasm. As a result of mitosis two daughter eells are formed. 

Mitosis eonsists of four stages: prophase, metaphase, anaphase, and telophase 

(Spotlight Figure 2.17). The transitions from stage to stage are seamless. 

We ean estimate the frequency of eell division by the number of eells in 
mitosis at any given time. We use the term mitotie rate to discuss rates of 
eell division. The longer the life span of a eell type, the slower its mitotie rate. 
Long-lived eells, such as muscle eells and neurons, either never divide or do so 
only under speeial circumstances. Other eells, such as those lining the digestive 
traet, survive only days or even hours because they are eonstantly under attaek 
by ehemieals, pathogens, and abrasion. Speeial eells ealled stem eells maintain 
these eell populations through repeated eyeles of eell division. 



CONCEPT CHECK 

8 What is eell division? 

9 Prior to eell division, mitosis must occur. What is 
mitosis? 

10 List # in order of appearanee, the stages of interphase 
and mitosis and the events that occur in eaeh. 


See the blue Ansvvers tab at the baek of the book. 


44 Foimdations 


www.ebook3000.com 
















SPOTLIGHT 


FIGIIRE 2.17 

Mitosis 


Mitosis is the proeess that delivers replieated DNA to two daughter eells. It 
eonsists of four stages, but the transitions from stage to stage are seamless 
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Study Outline 


lntroduction p. 28 


All living things are eomposed of eells. The eell theory ineorporates 
several basie eoneepts: (1) Cells are the building bloeks of all plants 
and animals; (2) eells are produced by the division of pre-existing 
eells; (3) eells are the smallest units that perform all vital functions. 


The body eontains two types of eells: sex eells (germ eells or 
reproductive eells) and somatie eells (all other body eells). 


2.1 Cellular Anatomy p. 28 

A eell is surrounded by a thin layer of extracellular fluid. The 
eell's outer boundary f the plasma membrane, is a phospholipid 
bilayer eontaining proteins and eholesterol. Table 2.1 summarizes 
the anatomy of a typieal eell. (See Figures 2.1, 2.3, 2.5, Spotlight 
Figure 2.4, and Table 2.1.) 


The Plasma Membrane p. 30 


Integral proteins are embedded in the phospholipid bilayer of the 
membrane, while peripheral proteins are attaehed to the membrane 
but ean separate from it. Giannels allow water and ions to move 
aeross the membrane; some ehannels are gated ehannels because 
they ean open or elose. fSee Figure 2.3 and Spotlight Figure 2.4.) 

Plasma membranes are seleetively permeable; that is f they 
permit the free passage of some materials. 

Passive transport meehanisms include diffusion # osmosis f and 
faeilitated diffusion. Diffusion is the net movement of material 
from an area where its eoneentration is high to an area where its 
eoneentration is lower. Diffusion occurs until the eoneentration 
gradient is eliminated. (See Spotlight Figure 2.4.) 

Osmosis is the diffusion of water aeross a membrane in response 
to differenees in water eoneentration. 


Faeilitated diffusion requires earrier proteins. 

Aetive transport meehanisms consume ATP and are independent 
of eoneentration gradients. They include aetive transport f 
endocytosis f and exocytosis. Some ion pumps are exchange 
pumps. (See Spotlight Figure 2.4.) 

Endoeytosis is movement into a eell; it is an aetive proeess 
that occurs in one of three forms: pinoeytosis (eell drinking) f 

phagoeytosis (eell eating), or reeeptor-mediated endoeytosis 

(seleetive movement). (See Spotlight Figure 2.4.) 

Mierovilli are small f fingerlike projeetions of the plasma 
membrane that inerease the surface area exposed to the 
extracellular environment. (See Figure 2.5 and Table 2.1.) 


The Cytoplasm p. 31 

The eytoplasm eontains eytosol, an intracellular fluid that 
surrounds structures that perform speeifie functions f ealled 
organelles. (See Figures 2.1 and 2.2 and Table 2.1.) 


Nonmembranoiis Organelles p. 34 

IMonmembranous organelles are not enelosed in membranes 
and are always in eontaet with the eytosol. They include the 
cytoskeleton f microvilli f centrioles f cilia f flagella, and ribosomes. 
fSee Figures 2.5 and 2.6 and Table 2.1.) 

The eytoskeleton is an internal protein network that gives 
the eytoplasm strength and flexibility. It has four eomponents: 


mierofilaments, intermediate filaments, thiek filaments, and 
microtubules. (See Figure 2.5 and Table 2.1.) 

Centrioles are small f microtubule-containing eylinders that direet 
the movement of ehromosomes during eell division. (See Figure 2.6 
and Table 2.2.) 

Cilia, anehored by a basal body, are microtubules eontaining hair-like 
projeetions from the eell surface that beat rhythmieally to move fluids 
or seeretions aeross the eell surface. fSee Figure 2.6 and Table 2.2.) 

A whip-like flagellum moves a eell through surrounding fluid. 
Table 2.2 eompares centrioles f cilia f and flagella. (See Table 2.2.) 

Ribosomes are intracellular faetories eonsisting of small and large 
subunits; together they manufacture proteins. Two types of ribosomes f 
free (within the eytosol) and fixed (bound to the endoplasmie 
reticulum) f are found in eells. fSee Figure 2.7 and Table 2.1.) 


Membranoiis Organelles p. 36 

Membranous organelles are surrounded by lipid membranes 
that isolate them from the eytosol. They include the mitochondria f 
nucleus f endoplasmie reticulum (rough and smooth) f Golgi 
apparatus f lysosomes f and peroxisomes. 

Mitoehondria produce 95 pereent of the ATP within a typieal eell. 
(See Figure 2.8 and Table 2.1.) 

The nucleus is the eontrol eenter for cellular operations. It is 
surrounded by a nuclear envelope, through which it communicates 
with the eytosol through nuclear pores. The nucleus eontains 23 
pairs of ehromosomes. fSee Figures 2.9 and 2.10 and Table 2.1.) 

The endoplasmie reticulum (ER) is a network of intracellular 
membranes involved in synthesis f storage f transport f and detoxification. 
The ER forms hollow tubes f flattened sheets f and rounded ehambers 
termed eisternae. There are two types of ER: rough and smooth. Rough 
endoplasmie reticulum (RER) has attaehed ribosomes; smooth 
endoplasmie reticulum (SER) does not. (5ee Figure 2.11 and Table 2.1.) 

The Golgi apparatus paekages materials for lysosomes, 
peroxisomes f seeretory vesieles, and membrane segments that 
are ineorporated into the plasma membrane. Seeretory products 
are diseharged from the eell through the proeess of exocytosis. 
(See Figure 2.12 and Spotlight Figures 2.4 and 2.13.) 

Lysosomes are vesieles filled with digestive enzymes. The proeess 
of endoeytosis is important for ridding the eell of baeteria and 
debris. The endoeytie vesiele fuses with a lysosome f which digests 
its eontents. (See Spotlight Figure 2.13.) 

Peroxisomes earry enzymes used to break down organie 
molecules and neutralize toxins. 


Membrane Flow p. 42 

Membrane flow is the continuous movement of membrane 
eomponents among the nuclear envelope f Golgi apparatus f 
endoplasmie reticulum f vesicles f and plasma membrane. 


2.2 lntercellular Attaehments p.42 

Cells ean attaeh to other eells or to extracellular protein fibers by 
means of eell adhesion molecules (CAMSs) or at speeialized 
attaehment sites ealled eell junctions. The three major types 
of eell junctions are gap junctions, tight junctions, and 
desmosomes. (See Figure 2.14.) 
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There are two types of desmosomes: spot desmosomes (small 
dises eonneeted to intermediate filaments) and hemidesmosomes 
(resembling half of a spot desmosome). (See Figure 2.14.). 

2.3 The Cell Life Cyde p. 42 

Cell division is the reprodiietion of eells. In a dividing cell # 
interphase alternates with mitosis. (See Spotlight Figure 2.17.) 

Interphase p. 43 

Most somatie eells spend most of their time in interphase, a 
time of growth # organelle duplication # and DNA replieation. (See 
Spotlight Figure 2.17.) 


Mitosis p. 44 

Mitosis refers to the nuclear division of somatie eells. 

Mitosis proeeeds in four distinct # contiguous stages: prophase, 
metaphase, anaphase, and telophase. fSee Spotlight Figure 
2 . 17 .) 

During eytokinesis, the eytoplasm is divided between the two 
daughter eells and eell division ends. 

In general # the longer a eelhs life span # the slower its mitotie 
rate. Stem eells undergo frequent mitosis to replaee other # more 
speeialized eells. 
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ehapter Revievv 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. ribosomes . . 

2. lysosomes. . 

3. integral proteins . L_ 

4. Golgi apparatus. L_ 

5. endoeytosis. . 

6. eytoskeleton. L_ 

7. tight junction. L_ 

8. nucleus. . 

9. S phase. . 

(a) DNA replieation 

(b) flattened membrane discs # paekaging 

(e) adjaeent plasma membranes bound by 

bands of interloeking proteins 

(d) paekaging of materials for import into eell 

(e) RNA and protein; protein synthesis 

(f) eontrol eenter; stores genetie 
information 

(g) eell vesieles with digestive enzymes 

(h) embedded in the plasma membrane 

(i) internal protein framework in eytoplasm 

10. All of the following membrane transport 
meehanisms are passive proeesses except 

(a) faeilitated diffusion. 

(b) vesicular transport. 

(e) diffusion. 

(d) osmosis. 

11. The viscous # superfieiaI eoating on the outer 
surface of the plasma membrane is the 

(a) phospholipid bilayer. 

(b) gated ehannel network. 

(e) glycocalyx. 

(d) plasma membrane. 

12. Compared to the intracellular fluid # the 
extracellular fluid eontains 

(a) equivalent amounts of sodium ions. 

(b) a eonsistently higher eoneentration of 
potassium ions. 

(e) many more enzymes. 

(d) a lower eoneentration of dissolved 
proteins. 


13. Label the following organelles on the 
diagram below. 

■ free ribosomes 

■ mitoehondrion 

■ Golgi apparatus 

■ nucleolus 

■ peroxisome 

■ rough endoplasmie reticulum 

■ lysosome 



14. Membrane flow provides a meehanism for 

(a) continual ehange in the eharaeteristies of 
membranes. 

(b) inerease in the size of the eell. 

(e) response of the eell to a speeifie 

environmental stimulus. 

(d) all of the above. 

15. If a eell laeks mitochondria # the direet result 
wi11 be that it eannot 

(a) manufacture proteins. 

(b) produce substantial amounts of ATP. 

(e) paekage proteins manufactured by the 
attaehed ribosomes. 

(d) reproduce itself. 


16. Three major functions of the endoplasmie 
reticulum are 

(a) hydrolysis, diffusion # and osmosis. 

(b) detoxification # packaging # and 
modifieation. 

(e) synthesis # storage # and transport. 

(d) pinocytosis # phagocytosis # and 
storage. 

17. A seleetively permeable plasma 
membrane 

(a) permits only water-soluble materials to 
enter or leave the eell freely. 

(b) prohibits entry of all materials into the 
eell at eertain times. 

(e) permits the free passage of some 
materials but restriets passage of others. 

(d) allows materials to enter or leave the eell 
only using aetive proeesses. 

18. The presenee of invading pathogens in the 
extracellular fluid stimulates immune eells to 
engage the meehanism of 

(a) pinoeytosis. 

(b) phagoeytosis. 

(e) reeeptor-mediated pinoeytosis. 

(d) bulk transport. 

Level 2 Revievving Concepts 

1. Identify the advantages a eell has because its 
nucleus is enelosed within a membrane. 

2. Identify the three basie eoneepts that make 
up the eell theory. 

3. Identify the three passive proeesses by which 
substances get into and out of eells. 

4. Compare and eontrast faeilitated diffusion 
and aetive transport. 

5. Analyze the three major faetors that 
determine whether a substance ean diffuse 
aeross a plasma membrane. 

6. Define an organelle and then eompare 
and eontrast the two broad eategories of 
organelles. 
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7. Name the stages of mitosis shovvn in this 
figure. 



8. Identify the four general functions of the 
plasma membrane. 

Level 3 Critical Thinking 

1. When skin that is damaged by sunburn 
"peels," large amounts of epidermal eells 
are often shed simultaneously. Hypothesize 
vvhy the shedding occurs in this manner. 

2. Experimental evidenee demonstrates that 
in the transport of a eertain moleeole, the 
molecule moves against its eoneentration 
gradient and eellular energy is required for 
the transport to occur. Justify vvhat type of 
transport proeess is at vvork based on this 
experimental evidenee. 

3. Solutions A and B are separated by a 
seleetively permeable barrier. Over time # 
the level of fluid on side A inereases. 

Which solution initially had the higher 
eoneentration of solute? 
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CLlNICAL CASE | WRAP-UP 

L___I_J 


nheritanee from Mom 


Mitoehondria produce 95 pereent of the energy that eells need for 
life. Cells that use the most energy # including eardiae muscle # skeletal 
muscle # and brain cells # have the most mitoehondria. Inadequate 
eell energy due to mutant mitoehondria ean cause poor growth # 
weakness # and seizures. 

When a sperm fertilizes an ooeyte (see ehapter 28) # all of the 
eytoplasmie organelles eome from the mother's ooeyte. Therefore, all 
of a ehild's mitoehondrial DNA (mtDNA) eomes from the mother and 
wi11 be affeeted by mutated mtDNA. 

Genetie engineering uses bioteehnology to manipulate inheritanee. 
If the nucleus from one of Jessiea's abnormal oocytes # eontaining 
normal nuclear DNA (nDNA) # is transferred to a sorrogate's enucleated 
normal ooeyte (eell without a nucleus) # they would form one normal 
ooeyte eontaining Jessiea's nuclear DNA—a genetieally engineered cure 
for this type of mitoehondrial disease. 

Researehers have successfully performed this procedure # ealled a 
spindle transfer or spindle-ehromosomal complex transfer, in monkeys. 

It is currently being tested and is showing much promise in preventing 
the transmission of mitoehondrial disorders. 




1. Are Jessiea's red blood eells affeeted by her mitoehondrial disease? 

2. Why was an enucleated surrogate eell used? 

See the blue Ansvvers tab at the baek of the book. 


V 



Related dinieal Terms 


adhesions: Restrietive fibrous eonneetions 
that ean result from surgery # infection # or 
other injuries to serous membranes. 

anaplasia: An irreversible ehange in the size 
and shape of tissue eells. 


dysplasia: A reversible ehange in the normal 
shape # size # and organization of tissue eells. 

hyperplasia: An inerease in the number of 
normal eells (not tumor formation) in a tissue 
or organ # thus enlarging that tissue or organ. 


hypertrophy: The enlargement of an organ or 
tissue due to an inerease in the size of its eells. 

neerosis: Death of one or more eells in an 
organ or tissue due to disease # injury # or 
inadequate blood supply. 
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These Learning Oiiteomes eorrespond by niimber to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 




List the fiinetions of epithelial tissues, the 
eriteria used to elassify epithelial tissue, the 
functions of eaeh type of epithelial tissue, and 
at least one loeation for eaeh type of epithelial 
tissue. p. 50 



List the three eategories of eonneetive tissue, 
their functions, and the eell types that would 
be found within eaeh eategory. p. 59 
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Compare and eontrast the eharaeteristies 
of mucous # serous, cutaneous, and synovial 
membranes. p. 70 

Summarize how eonneetive tissues establish the 
framework of the body. p. 73 

Compare and eontrast the three forms of 
rrmsele tissue in terms of structure, function, 
and loeation. p. 74 

Differentiate between neurons and neuroglia 
and discuss the functions of eaeh. p. 76 

Deseribe how nutrition and aging affeet 
tissues. p. 76 

List and explain the key embryologieal steps 
in the formation of epithelial and eonneetive 
tissues. p. 78 


Everyone expects Elijah to be a basketball star because he 7 s so tall. Actually, 
he isn't that good at the sport. For one thing, he has long, delieate fingers 
that have trouble gripping the ball. He is also "double-jointed," has very flat 
feet, and has seoliosis (spinal curvature), which cause him diseomfort during 
exercise, and he's embarrassed to take his shirt off because his ehest sinks 
in. Furthermore, he has trouble with his vision. But because Elijah's father 
died suddenly when in his early 30s and money is tight for his family, Elijah 
feels that he must try out for his high sehool team with the goal of earning a 
eollege basketball seholarship. 

At tryouts, the eoaeh asks the players to run around the gym a dozen 
times. On the last round, Elijah feels nauseated and dizzy, and then everything 
goes dark. 

Elijah has eollapsed due to a sudden eardiae arrhythmia (abnormal heart 
rhythm). The eoaeh, thanks to his reeent Red Cross training, uses the AED 
(automated external defibrillator) mounted on the gym wall to re-start a 
functional rhythm in Elijah's heart. Elijah is then rushed to the emergeney 
room. 











































































I A BIG CORPORATION is a lot like a living organism, although it depends on 
its employees, rather than eells, to ensure its survival. Keeping the eorporation 
in business may require thousands of employees, and their duties vary—no one 
employee ean do everything. Instead, groups of employees form departments, 
with eaeh department performing speeialized functions. 

Similarly, the functions of an organism’s body are diverse, and no single 
eell eontains the metabolie maehinery and organelles to perform every func- 
tion. Instead, eells eombine to form tissues, groups of speeialized eells and 
eell products that work together to perform speeifie functions. Histology is the 
study of tissues (as noted in ehapter 1). A solid understanding of an organ’s 
histology is essential for understanding that organ’s functional anatomy. 

In your study of tissues, be aware that tissue samples usually undergo eon- 
siderable manipulation before mieroseopie examination. For example, the pho- 
tomierographs in this ehapter show tissue samples that were removed, preserved 
in a fixative solution, and embedded in a medium that made thin seetioning 
possible. The orientation of the embedded tissue and the knife blade determine 
the plane of seetion (the direetion in which the tissue is cut). By ehanging the 
seetional plane, we ean obtain useful information about the three-dimensional 
anatomy of a structure (see ure 1.1 , tD p. 18]. However, the appearanee 
of a tissue in histologieal preparations will ehange markedly depending on the 
plane of seetion, as indieated in ure 1.1 , t) p. 1S . Even within a single plane 
of seetion, the internal organization of a eell or tissue will vary as the level 
of seetion ehanges. As you review the mierographs throughout this text, keep 
these limitations in mind. 

There are four primary tissue types: epithelial tissue, eonneetive tissue, 
muscle tissue, and nervous (or neural) tissue gure 3.1 . This ehapter dis- 
cusses the eharaeteristies of eaeh major tissue type, focusing on the relation- 
ships between cellular organization and tissue function 

3.1 Epithelial Tissue 

► KEY POINT Epithelial tissue is eomposed of tightly bound, avascular sheets of 
eells that eover exposed surfaces and line internal eavities and passageways. 

Epithelia (ep-i-THè-lè-a; singular, epithelium ) are sheets of eells that eover 
every exposed body surface and line any internal eavities and passageways. Epi- 
thelial tissue includes epithelia and glands. 

The surface of the skin is a good example of epithelia eovering an exposed 
surface, but epithelia also line the digestive, respiratory, reproductive, and uri- 
nary traets—passageways that communicate with the outside world. Other inter- 
nal epithelia line the ehest eavity; the fluid-filled ehambers in the brain, eye, 
and inner ear; and the inner surfaces of the blood vessels and the heart. 
Important eharaeteristies of epithelia include the following: 

■ Cellularity: Epithelia are eomposed almost entirely of eells bound tightly 
together by speeialized junctions. t) p. 42 There is little or no intercellular 
spaee between these eells. 

■ Polarity: An epithelium generally* has both an exposed apieal surface 
(apieal aspeet) that faees the exterior of the body or an internal spaee and 
an attaehed basal surface (basal aspeet), where it attaehes to adjaeent 
tissues. These two surfaces differ in plasma membrane structure and func- 
tion. Because of the differing functions of the apieal, basal, and lateral 
surfaces, the organelles and other eytoplasmie structures within epithelial 
eells are distributed unevenly between the exposed and attaehed smfaees, a 
property known as polarity. Polarity occurs whether the epithelium eon- 
tains a single layer or multiple layers of eells. 


* In speeial situations, epithelial eells may laek a free surface. These epithelioid eells are found in 
most endoerine glands. 


■ Attaehment: The basal surface of a typieal epithelium is bound to a thin 
basement membrane, a complex structure produced by the epithelium and 
eells of the underlying eonneetive tissue. 

■ Avascularity: Epithelia do not eontain blood vessels and are therefore avascular 
(à-VAS-ku-ler; a, without, + vas, vessel). Because of this, epithelial eells must 
obtain nutrients by diffusion or absorption aeross their apieal or basal surfaces. 

■ Sheets or layers: All epithelial tissue is eomposed of a sheet of eells one or 
more layers thiek. 

■ Regeneration: Stem eells loeated within the epithelium divide to continu- 
ally replaee surface epithelial eells that are damaged or lost. 

Functions of Epithelial Tissue 

► KEY POINT Epithelial tissues proteet surfaces, eontrol permeability, provide 

sensation, or produce seeretions. 

Epithelia are speeialized to perform several essential functions: 

■ Proteet surfaces: Epithelia proteet exposed and internal surfaces from abra- 
sion, dehydration, and destmetion by ehemieal or biologieal agents. 

■ Control permeability: Any substance that enters or leaves the body has to 
eross an epithelium. Some epithelia are relatively impermeable, whereas 
others are permeable to substances as large as proteins. Many epithelia 
eontain the molecular “maehinery” needed for seleetive absorption or 
seeretion. The epithelial barrier ean be regulated and modified in response 
to various stimuli. For example, hormones ean affeet the transport of ions 
and nutrients through epithelial eells. Even physieal stress ean alter the 
structure and properties of epithelia—think of the calluses that form on 
your hands and feet. 

■ Provide sensation: Sensory nerves innervate most epithelia. Speeialized epithe- 
lial eells ean deteet ehanges in the environment and eonvey information about 
such ehanges to the nervous system. For example, touch reeeptors in the deepest 
epithelial layers of the skin respond to pressure by stimulating adjaeent sensory 
nerves. Neuroepithelia are speeialized sensory epithelia found in speeial sense 
organs that provide our sensations of smell, taste, sight, balanee, and hearing. 

■ Produce speeialized seeretions: Gland eells are epithelial eells that produce 
seeretions, substances produced in and diseharged from a eell. Unicellular 
glands are individual gland eells seattered among other eell types in an 
epithelmm. In glandular epithelia, most or all of the epithelial eells 
produce seeretions. 

Speeial zations of Epithelial Cells 

► KEY POINT The apieal and lateral surfaces of epithelial eells are speeialized in 

a variety of ways to perform cellular functions. 

Many epithelial eells are speeialized for seereting substances, moving fluids 
over the epithelial surface, or moving fluids through the epithelium itself. 
These eells usually show a definite polarity along the axis that extends from 
the apieal surface, where the eell is exposed to an internal or external envi- 
ronment, to the basolateral surfaces, where the epithelium eontaets the 
basement membrane and neighboring epithelial eells. This polarity means 
that intracellular organelles are unevenly distributed, and the apieal and 
basolateral plasma membranes differ in terms of their assoeiated proteins 
and functions. The actual arrangement of organelles varies depending on eell 
function (Figure 3.2). 
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Figure 3.1 An Orientation to the Tissues of the Body. An overvievv of the levels of organization in 
the body and an introduction to some of the functions of the four tissue types. 
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Figure 3.2 Polarity of Epithelial Cells 
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Many epithelial eells differ in internal organization along an axis betvveen the 
apieal surface and the basement membrane. The apieal surface often has 
mierovilli; less often, it may have eilia or (very rarely) stereoeilia. A single eell 
typieally has only one type of proeess; eilia and mierovilli are shovvn together 
to highlight their relative proportions. Tight junctions prevent movement of 
pathogens or diffusion of dissolved materials betvveen the eells. Folds of plasma 
membrane near the base of the eell inerease the surface area exposed to the 
basement membrane. Mitoehondria are typieally eoneentrated at the basolateral 
region, probably to provide energy for the eell’s transport aetivities. 



An SEM shovving the surface of the epithelium that 
lines most of the respiratory traet. The small, bristly 
areas are mierovilli found on the exposed surfaces of 
mucus-producing eells that are seattered among the 
eiliated epithelial eells. 


Most epithelial eells have mierovilli, small, finger-shaped projeetions, on 
their exposed apieal surfaces. Mierovilli are espeeially abundant on epithelial 
surfaces where absorption and seeretion occur, such as in the digestive and 
urinary traets. p. 3 A eell with mierovilli has at least 20 times more surface 
area for absorption and seeretion than one without mierovilli. Stereoeilia 
(not shown in the figure) are very long mierovilli (up to 200 /jl m); unlike eilia, 
they eannot move. Stereoeilia are found along portions of the male reproduc- 
tive traet and on reeeptor eells of the inner ear. 

Reeall that eilia are microtubule structures that move together to propel 
substances over an epithelial surface. tD p. 36 A eiliated epithelium has 
eilia on its apieal surface that usually beat together gure 3.2 . For exam- 
ple, the eiliated epithelium lining the respiratory traet beat in a eoordinated 
fashion to move mucus from the lungs toward the throat. The mucus traps 
partieles and pathogens (disease-causing organisms) and earries them away 
from the lungs. 

Maintaining the Integrity of the Epitheliiim 

► KEY POINT Three faetors maintain the physieal integrity of an epithelium: 
intercellular eonneetions, attaehment to the basement membrane, and epithelial 
maintenanee and renevval. 

Three faetors interaet to keep epithelial tissues intaet and healthy: (1) intereel- 
lular eonneetions, (2) attaehment to the basement membrane, and (3) epithe- 
lial maintenanee and renewal. 


Intercellular Connections 

A variety of eell junctions bind epithelial eells together. tD p. 42 Extensive 
infolding of adjaeent eell membranes interloeks the eells and inereases the 
surface area of the eell junctions "gure 3.3a,c] . These eonneetions may 
prevent ehemieals or pathogens from entering the eells. The eombination 
of eell junctions and physieal interloeking, along with CAMs (eell adhesion 
molecules) and intercellular eement, gives the epithelimn strength and sta- 
bility (Figure 3.3b). 

Attaehment to the Basement Membrane 

The basal surface of a typieal epithelium attaehes to the basement membrane, 
a complex structure produced by the epithelium and eells of the underlying 
eonneetive tissue. 

The superficial portion of the basement membrane eonsists of the basal 
lamina, which is seereted by epithelial eells. This is a region dominated by 
glyeoproteins, proteoglyeans, and a network of fine mierofilaments. The basal 
lamina has numerous functions, one of which is restrieting the movement of 
proteins and other large molecules from the underlying eonneetive tissue into 
the epithelium. Deep to the basal lamina is the seeond layer of the basement 
membrane, the reticular lamina (lamina reticularis ), which is seereted by the 
underlying eonneetive tissue. The reticular lamina eontains bundles of eoarse 
protein fibers that anehor the basement membrane to the underlying eonnee- 
tive tissue. 
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Figure 3.3 Epithelia and Basement Membrane. The integrity of an epitheliiim depends on 
eonneetions between adjaeent epithelial eells and their attaehment to the underlying basement 
membrane. 
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Epithelial Maintenanee and Renewal 

Exposure to enzymes, toxic ehemieals, pathogens, and abrasion damages epi- 
thelial eells, so epithelial tissues must continually repair and renew themselves. 
The faster epithelial eells die, the faster they have to be replaeed. Under severe 
eonditions, such as those inside the small intestine, an epithelial eell may sur- 
vive for only a day or two. The only way the epithelium ean maintain itself is 
through continual division of stem eells, which are usually found elose to the 
basal lamina. 

eiassifieation of Epithelia 

► KEY POINT Epithelial tissue is elassified aeeording to the number of eell layers 

and the shape of the eells at the exposed surface. 

We elassify epithelial tissue based on its layers and the shape of the epithelial 
eells. 

■ There are two types of layering: simple and stratified. 

■ There are three eell shapes: squamous, cuboidal, and columnar. 

A simple epithelium has only one layer of eells eovering its basement 
membrane. All the eells in a simple epithelium have the same polarity, so the 
nuclei form a row at the same distanee from the basement membrane. A sin- 
gle layer of eells eannot provide much proteetion, so simple epithelia are thin 
and fragile. They are found only in proteeted areas inside the body, such as in 
the thoraeie, abdominal, and pelvie eavities, the ehambers of the heart, and all 
blood vessels. 

Simple epithelia are also found where seeretion, absorption, or filtration 
occurs, such as the lining of the intestines and the gas exchange surfaces of 
the lungs. In these loeations, their thin single layer provides an advantage by 
deereasing the diffusion distanee and the time needed for materials to pass 
through the epithelial barrier. 

A stratified epithelium has two or more layers of eells. The height and 
shape of the eells in stratified epithelimn differ from layer to layer, but we use 
only the shape of the most superficial eells in epithelium elassifieation. Their 
multiple layers of eells make stratified epithelia thieker and stronger than simple 
epithelia; eorrespondingly, they occur in areas where meehanieal or ehemieal 
stresses are severe, such as the surface of the skin and the lining of the oral 
eavity. 

Whether an epithelium is simple or stratified, it must regenerate and 
replaee its eells over time via the division of stem eells, which are loeated at 


or near the basement membrane. In a simple epithelium these stem eells are a 
part of the exposed epithelial surface, while in a stratified epithelimn the stem 
eells are found within the deeper layers of the epithelmm. 

By eombining the number of layers (simple or stratified) with the three 
possible eell shapes (squamous, cuboidal, or eolmnnar), we ean deseribe almost 
every epithelium in the body. 

Squamous Epithelia 

In a squamous epithelium (SKWÀ-mus; squama, plate or seale), the eells 
are thin, flat, and irregular in shape, like puzzle pieees igure 3.4). In a side 
view the nucleus occupies the thiekest portion of eaeh eell and looks flat- 
tened, like the eell as a whole. From the surface, the eells look like fried eggs 
laid side by side. 

A simple squamous epithelhim is the most delieate epithelium in the 
body gure 3.4a . It is found in proteeted regions where diffusion or other 
forms of transport take plaee or where a sliek, slippery surface reduces frietion. 
Examples include the respiratory exchange smfaees (alveoli) of the lungs, the 
serous membranes lining the thoraeie, abdominal, and pelvie eavities, and the 
inner surfaces of the circulatory system. 

Some simple squamous epithelia line ehambers and passageways that do 
not communicate with the outside world. The simple squamous epithelium 
that lines body eavities is termed mesothelium (mez-ò-THÉ-lé-um; mesos, 
middle). The pleura lining the thoraeie eavity and the peritonemn lining the 
abdominal eavity both eontain a superficial mesothelium. The simple squa- 
mous epithelium lining the heart and blood vessels is termed endothelium 
(en-dò-THÉ-lé-mn). 

In a stratified squamous epithelium, the eells form a series of lay- 
ers gure 3.4b); eorrespondingly, it occurs where meehanieal stresses are 
severe. For instanee, stratified squamous epithelium proteets the surface of 
the skin and the lining of the oral eavity, throat, esophagus, rectum, vagina, 
and anus. 

Stratified squamous epithelium may be keratinized or nonkeratinized. 
On surfaces where meehanieal stress and dehydration are potential prob- 
lems, the apieal layers of epithelial eells are paeked with filaments of the 
protein keratin. The superficial layers of this keratínized stratified squa- 
mous epithelium are tough and water resistant. Keratinized stratified squa- 
mous epithelia are found in the hair shafts and palmar skin. 

A nonkeratinized, or mucosal, stratified squamous epithelium also resists 
abrasion but must be kept moist, or it will dry out and deteriorate. Nonkerati- 
nized stratified squamous epithelia occur in the oral eavity, pharynx, esopha- 
gus, rectum, anus, and vagina. 
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Figure 3.4 Histology of Squamous Epithelia 
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Cuboidal Epithelia 

The eells of a cuboidal epithelium look like little hexagonal boxes and appear 
square in typieal seetional views. Eaeh nucleus is eentrally loeated. 

Simple cuboidal epithelia provide limited proteetion and are found in 
regions where seeretion or absorption takes plaee. The kidney tubules are lined 
with simple cuboidal epithelium gure 3.5a). 

Stratified cuboidal epithelia are rare; they are found lining the ducts of 
sweat glands and mammary glands igure 3.5b]. 

Columnar Epithelia 

The eells of a eohimnar epithelium are also hexagonal in eross seetion. 
However, unlike cuboidal eells, their height is much greater than their 
width gure 3.6] . The nuclei are typieally loeated within the basal por- 
tion of the eell. 

A simple eohimnar epithelium is found in areas where absorption or 
seeretion occurs, such as the lining of the stomaeh, intestinal traet, uterine 
tubes, and many excretory ducts ure 3.6a' . Columnar epithelia provide 
slightly more proteetion than simple cuboidal epithelia. 

Stratified eohimnar epithelia are rare. They occur in the pharynx, ure- 
thra, and anus and in a few large excretory ducts. The epithelium may have two 
or more layers igure 3.6b] . If it has more than two layers, only the superfi- 
eial eells are columnar in shape. 


Pseudostratified and Transitional Epithelia 

Two speeialized epithelia line the respiratory system and the hollow conducting 
organs of the urinary system. 

Portions of the respiratory traet eontain pseudostratified eiliated 
eohimnar epithelium ( pseudo , fake), a speeialized columnar epithelium that 
includes a mixture of eell types gure 3.7a) . Because the eells' nuclei are loeated 
at varying distanees from the surface, the epithelium looks stratified. However, all 
eells rest on the basement membrane, so it is actually a simple epithelium. The 
surface epithelial eells possess eilia. Pseudostratified eiliated columnar epithelmm 
lines most of the nasal eavity, traehea, and bronehi and also portions of the male 
reproductive traet. 

Transitional epithelium lines the renal pelvis, ureters, and urinary blad- 
der : gure 3.7b). Transitional epithelium is a stratified epithelium that ean 
streteh without damaging the epithelial eells. In an empty urinary bladder, 
transitional epithelium seems to have many layers, and its outermost eells are 
rounded or balloon-shaped cuboidal eells. As the bladder fills and stretehes it, 
transitional epithelmm resembles a stratified, nonkeratinized epithelimn with 
two or three layers. 

Glandular Epithelia 

► KEY POINT We elassify glandular epithelia based on the glands' seeretions, 
structure, and meehanism of seeretion. 
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Figure 3.5 Histology of Cuboidal Epithelia 
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A seetion through the simple cuboidal epithelium lining a kidney tubule. The diagrammatie 
view emphasizes structural details that elassify the epithelium as cuboidal. 
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Sweat gland duct 

A seetional view of the stratified cuboidal epithelium lining a sweat gland duct in the skin. 
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TIPS & TOOLS 


Identifying Stratified Squamous and Transitional 
Epithelia 

Stratified squamous epithelium (nonkeratinized type) and transitional 
epithelmm look quite similar. Keep the following differenees in mind. 

In stratified squamous epithelium Figure 3.4b’ : 

■ There are many layers. 

■ The basal eells may look cuboidal or columnar. 

■ The surface layer is alvvays eomposed of flattened eells. 

■ The number and extent of epithelial layers, and the shape of the most 
superficial eells, are relatively eonstant. 

In transitional epithelium ure 3.7b] : 

■ There are fewer layers than in stratified squamous epithelium. 

■ The most superficial eells may be balloon- or dome-shaped 
(in a relaxed organ) or flattened (in a stretehed organ). 

■ The number and extent of epithelial layers, and the shape of the most 
superficial layer, vary widely within the seetion. 


Many epithelia eontain gland eells that produce seeretions. We elassify these glandu- 
lar epithelia based on the (1) type of seeretion they release, (2) structure of the gland, 
and (3) method of seeretion. Glandular epithelia may be exocrine or endoerine. 

Type of Seeretions 

Exocrine glands ( exo -, outside) release their seeretions onto an epithelial sur- 
faee through epithelial ducts. These ducts may release the seeretion unaltered, or 
they may alter it by a variety of meehanisms, including reabsorption, seeretion, or 
countertransport. Examples of exocrine seeretions include enzymes entering the 
digestive traet, perspiration on the skin, and milk produced by mammary glands. 
There are three types of exocrine glands, based on the seeretions they produce: 

■ Serous glands seerete a watery solution that usually eontains enzymes, 
such as the salivary amylase in saliva. 

■ Mucous glands seerete glyeoproteins ealled mucins (MU-sins) that 
absorb water to form a slippery mucus, such as the mucus in saliva. 

■ Mixed exocrine glands eontain more than one type of gland eell and 
may produce both serous and mucous seeretions. 
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Figure 3.6 Histology of Columnar Epithelia 



Simple Columnar Epithelium 


LOCATIONS: Lining of stomaeh, 
intestine, gallbladder, uterine tubes, 
and eolleeting ducts of kidneys 


FUNCTIONS: Proteetion; 
seeretion; absorption 




Intestinal lining 


■ Mierovilli ■ 
Cytoplasm 

- Nucleus - 


Basement membrane 


Loose eonneetive 

tissue 





LM X 350 



A seetional view of the simple columnar epithelium in the intestinal lining. In the diagrammatie 
sketeh, note the relationship between the height and width of eaeh eell; the relative size, shape, 
and loeation of nuclei; and the distanee between adjaeent nuclei. Contrast these observations 
with the eharaeteristies of simple cuboidal epithelia. 



b 


LOCATIONS: Small areas of 
the pharynx, epiglottis, anus, 
mammary glands, salivary 
gland ducts, and urethra 


FUNCTION: Proteetion 






- ■ JLe: 

, n 



■V 








Lumen 


Loose eonneetive 

tissue 


Deeper basal 
eells 

Superficial 
columnar eells 




Oytoplasm 


Nuclei 


Basement membrane 


Salivary gland duct 

Stratified columnar epithelium is found along large ducts, such as this salivary gland duct 
Note the overall height of the epithelium and the loeation and orientation of the nuclei. 
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Endoerine glands ( endo -, inside) are ductless glands that release their seere- 
tions by exocytosis direetly into the interstitial fluid surrounding the eell. These 
seeretions, ealled hormones, diffuse into the blood for distribution to other regions 
of the body. Hormones regulate or eoordinate the aetivities of other tissues, organs, 
and organ systems. (We will discuss endoerine eells and hormones in ehapter 19.) 

Structure of the Gland 

In epithelia eontaining seattered gland eells, the individual seeretory eells are 
ealled unicellular glands. Unicellular exocrine glands seerete mucins. There are 
two types of unicellular glands, mucous eells and goblet eells. For example, the 
epithelmm of some salivary glands eontains mucous eells. The columnar epithe- 
lium of the small and large intestines and the pseudostratified eiliated epithelium 
that lines the traehea eontain goblet eells. 


Multicellular glands include glandular epithelia and clusters of 
gland eells that produce exocrine or endoerine seeretions. The simplest 
multicellular exocrine gland is a seeretory sheet, in which glandular 
eells dominate the epithelium and release their seeretions into an inner 
eompartment igure 3.8a] . For instanee, the mucus-secreting eells that 
line the stomaeh form a seeretory sheet that proteets the stomaeh from 
aeids and enzymes. 

Other multicellular glands occur in poekets set baek from the epithelial 
surface. For example, the submandibular salivary gland is a multicellular 
exocrine gland that produces mucus and digestive enzymes gure 3.8b . 
These glands have two epithelial eomponents: a glandular portion that 
produces the seeretion and a duct that earries the seeretion to the epithe- 
lial surface. 
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Figure 3.7 Histology of Pseudostratified Ciliated Columnar and Transitional Epithelia 


Pseudostratified Ciliated Columnar Epithelium 



LOOATIONS: Lining of 
nasal eavity, traehea, and 
bronehi; portions of male 
reprodiietive traet 


FLINOTIONS: Proteetion; 
seeretion 




Pseudostratified eiliated columnar epithelium. The pseiidostratified eiliated 
columnar epithelium of the respiratory traet. Note the uneven layering of the nuclei. 
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Transitional Epithelium 


— 


— 


LOOATIONS: Urinary 
bladder; renal pelvis; 
ureters 

FUNCTIONS: Permits 
expansion and reeoil 
after stretehing 



Relaxed bladder 



Epithelium 

(relaxed) 


Basement membrane 

Connective tissue and 
smooth muscle layers 
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Stretehed bladder 



Epithelium 

(stretehed) 


Basement membrane 

Connective tissue and 
smooth muscle layers 



LM X 450 



Transitional epithelium. A seetional vievv of the transitional epithelium lining the urinary 
bladder. The eells from an empty bladder are in the relaxed state, vvhile those lining a full 
urinary bladder show the effeets of stretehing on the arrangement of eells in the epithelium. 
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Figure 3.8 Histology of Mucous and Mixed Glandular Epithelia 


Seeretory Sheet 
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The interior of the stomaeh is lined by a seeretory sheet whose seeretions proteet the 
walls from aeids and enzymes. (The aeids and enzymes are produced by glands that 
diseharge their seeretions onto the mucous epithelial surface.) 




Mixed Exocrine Gland 
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- Duct - 
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The submandibular salivary gland is a mixed gland eontaining eells that produce both serous 
and mucous seeretions. The mucous eells eontain large vesieles eontaining mucins, and they 
look pale and foamy. The serous eells seerete enzymes, and the proteins stain darkly. 


Two eharaeteristies deseribe the organization of a multicellular gland: (1) 
the shape of the seeretory portion of the gland and (2) the branehing pattern 
of the duct (Figure 3.9). 


(AP-o-krin; apo-, off), or holoerine seeretion (HOL-o-krin; holos, entire). 
Spotlight Figure 3.10 explains these three meehanisms. 


■ In a tubular gland, the eells making up the gland are arranged in a tube. 
If the gland’s eells form a blind poeket, it is an alveolar (al-VÉ-ò-lar; 
alveolus, sae), or aeinar (AS-i-nar; acinus, ehamber), gland. A gland that 
eombines both tubular and alveolar arrangements is a tubuloalveolar or 
tubuloacinar gland. 

■ The duct of a simple exocrine gland does not braneh. The duct of a compound 
exocrine gland branehes repeatedly. Eaeh glandular area may have 
its own duct; in the ease of branehed glands, several glands share a 
eommon duct. 


Method of Seeretion 

A glandular epithelial eell may use one of three methods to release its seere- 
tions: eeerine seeretion (also termed meroerine seeretion), apoerine seeretion 



CONCEPT CHECK 

1 You look at a tissue under a mieroseope and see a 
simple squamous epithelium. Can it be a sample of the 
skin surface? Why or vvhy not? 

2 Why is epithelium regeneration neeessary in a gland 
that releases its product by holoerine seeretion? 

3 Ceruminous glands of the external acoustic meatus of 
the ear release their products by apoerine seeretion. 
What occurs in this mode of seeretion? 


4 What functions are assoeiated vvith a simple columnar 
epithelium? 


5ee the blue Ansvvers tab at the baek of the book. 
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Figure 3.9 A Structural eiassifieation of Simple and Compound Exocrine Glands 
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Compound Glands 
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Example: Example: 

• Mucous glands (in oral eavity) • Mammary glands 

• Bulbourethral glands (in 
male reproductive system) 

• Testes (seminiferous tubules) 


Example: 

• Salivary glands 

• Glands of respiratory 
passages 

• Panereas 


3.2 Connective Tissues 

► KEY POINT All eonneetive tissues have three basie eomponents—speeialized 
eells, extracellular protein fibers, and ground substance—but perform a vvide va- 
riety of functions. 

Connective tissues are found throughout the body. Unlike epithelial tissues, 
eonneetive tissues are never exposed to the environment outside the body. 
All eonneetive tissues have three basie eomponents: (1) speeialized eells, (2) 
extracellular protein fibers, and (3) a fluid known as the groiind substance. 
The extracellular fibers and ground substance form the matrix that surrounds 
the eells. Although epithelial tissue eonsists almost entirely ofeells, eonneetive tis- 
sue eonsists mostly of extrace\lu\ar matrix. 

Connective tissues do far more than just eonneet body parts. Connective tissues: 

■ Establish a structural framework for the body 

■ Transport fluids and dissolved materials from one region of the body to 
another 

■ Proteet delieate organs 


■ Support, surround, and intereonneet other tissue types 

■ Store energy, espeeially in the form of lipids 

■ Defend the body from invasion by mieroorganisms 

Although eonneetive tissues have multiple functions, no single eategory of 
eonneetive tissue performs all of these functions. 

eiassifieation of Connective Tissiies 

► KEY POINT There are three eategories of eonneetive tissue: eonneetive tissue 
proper, fluid eonneetive tissue, and supporting eonneetive tissue. 

i gure 3.1 introduces the three main eategories of eonneetive tissue: 

o Connective tissue proper is eomposed of many types of eells and extracel- 
lular fibers in a syrnpy ground substance. These eonneetive tissues differ in 
the number of eell types they eontain and the properties and proportions 
of fibers and ground substance. Adipose (fat) tissue, ligaments, and ten- 
dons differ greatly, but all three are eonneetive tissue proper. 
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SPOTLIGHT 


FIGLIRE 3.10 


Meehanisms of Glandular Seeretion 


A glandular epithelial eell may 
use one of three methods to 
release its seeretions: 

eeerine seeretion, 
apoerine seeretion, or 
holoerine seeretion. 
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Eeerine seeretion 



Example: Serous eells of the 
salivary glands 

In eeerine seeretion, the 

seeretory product, paekaged into 
seeretory vesieles, is released 
through exocytosis onto the 
surface of the eell. This is the 
most eommon mode of seeretion. 
An example of this type of 
seeretion is the release of saliva 
from serous eells in the salivary 
gland, or mucins from goblet eells 
in the intestine. 


Apoerine seeretion 



Example: Lactiferous eells of 
the mammary glands 

In apoerine seeretion, the 

seeretory product is released 
during the shedding of the 
apieal portion of the eell’s 
eytoplasm, vvhieh has beeome 
paeked vvith seeretory vesieles 
The gland eells then undergo 
regrovvth and produce 
additional seeretory vesieles. 


Holoerine seeretion 


Example: Sebaceous gland eells 

Holoerine seeretion destroys 
the gland eell. During holoerine 
seeretion, the entire eell beeomes 
paeked with seeretory products 
and then bursts apart. The 
seeretion is released and the eell 
dies. Further seeretion depends 
on gland eells being replaeed by 
the division of stem eells found 
deeper within the epithelium. 
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Figure 3.11 Gassifieation of Connective Tissues 
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o Fluid eonneetive tissues have a distinetive population of eells suspended in 
a watery matrix eontaining dissolved proteins. There are two types of fluid 
eonneetive tissues: blood and lymph. 

o Supporting eonneetive tissues have a smaller eell population than eonnee- 
tive tissue proper and a matrix of elosely paeked fibers. There are two types 
of supporting eonneetive tissues: eartilage and bone. The matrix of earti- 
lage is a gel whose eharaeteristies vary depending on the dominant fiber 
type. The matrix of bone is ealeified because it eontains mineral deposits, 
primarily calcium salts, that give the bone strength and rigidity. 

Connective Tissue Proper 

► KEY POINT There are two types of eonneetive tissue proper—loose eonneetive 
tissues and dense eonneetive tissues, based on their relative proportions of eells, 
fibers, and ground substance. 

Connective tissue proper eontains extracellular fibers and a viscous (syr- 
upy) ground substance. It has two elasses of eells, fixed eells and wandering 
eells. The number of eells at any given moment varies depending on loeal 
eonditions. Refer to gure 3.1 and Table 3.1 as we deseribe eonneetive 
tissue proper. 

Cells of Connective Tissue Proper 

Fixed Cells Fixed eells are stationary and are involved with loeal mainte- 
nanee, repair, and energy storage. The fixed eells of eonneetive tissue proper 
include mesenehymal eells, fibroblasts, fibroeytes, fixed maerophages, adipo- 
eytes, and, in a few loeations, melanoeytes. 


■ Mesenehymal eells (or mesenehymal stem eells ) (MES-en-kI-mul) are 
present in many eonneetive tissues. These eells respond to loeal injury or 
infeetion by dividing to produce daughter eells that differentiate into fibro- 
blasts, maerophages, or other eonneetive tissue eells. 

■ Fibroblasts (FÍ-brò-blasts) are one of the two most abundant fixed eells 
in eonneetive tissue proper and are the only eells always present. These 
slender, star-shaped eells produce all eonneetive tissue fibers. Eaeh fibro- 
blast manufactures and seeretes protein subunits that interaet to form 
large extracellular fibers. In addition, fibroblasts seerete hyaluronan, which 
makes the ground substance viscous. 

■ Fibroeytes (Fl-brò-sTts) (or aetivated fibroblasts) differentiate from fibroblasts 
and are the seeond most abundant fixed eell in eonneetive tissue proper. These 
star-shaped eells maintain the eonneetive tissue fibers of eonneetive tissue 
proper. Their eytoplasm stains poorly, so only the nucleus is visible in a stan- 
dard histologieal preparation. If eonneetive tissue is injured, fibroeytes have the 
ability to differentiate baek into fibroblasts that help repair the damaged tissue. 

■ Fixed maerophages (MAK-rò-fà-jez; phagein, to eat) (also termed resident 
or resting maerophages ) are large, amoeboid eells seattered among the eon- 
neetive tissue fibers. They engulf damaged eells, dead eells, and pathogens 
that enter the tissue. Although not abundant, they play an important role 
in mobilizing the body’s defenses. When stimulated, they release ehemieals 
that attraet wandering eells involved in the body’s defense meehanisms. 

■ Adipoeytes (AD-i-pò-sTts) ( fat eells or adipose eells) eontain a single lipid 
droplet that occupies almost the entire eell, squeezing the nucleus and 
other organelles to one side. The number of adipoeytes varies aeeording to 
the type of eonneetive tissue, the region of the body, and the individual. 
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Figure 3.12 Histology of the Cells and Fibers of Connective Tissue Proper 
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Diagrammatie view of the eells and fibers in areolar tissue, the 
most eommon type of eonneetive tissue proper 



A light mierograph showing the areolar tissue 
that supports the mesothelium lining the 
peritoneum 


■ Melanoeytes (MEL-an-ò-sTts or me-LAN-ò-sIts) synthesize and store a brown 
pigment, melanin (MEL-a-nin), which gives this tissue a dark eolor. Melano- 
eytes are eommon in the epithelimn of the skin and in the imderlying eonnee- 
tive tissue (the dermis), where they help determine skin eolor. Melanoeytes 
are also abundant in eonneetive tissues of the eyes and dermis of the skin, 
although the number present differs by body region and among individuals. 

Wandering Cells Wandering eells help defend and repair damaged tis- 
sues. The wandering eells of eonneetive tissue proper include free maerophages, 
mast eells, lymphoeytes, plasma eells, neutrophils, and eosinophils. 


Table 3.1 


Functions of Fixed Cells and Wanderin Cells 


Cell Type 

Function 

FIXED CELLS 

Fibroblasts 

Produce eonneetive tissue fibers 

Fibroeytes 

Maintain eonneetive tissue fibers and matrix 

Fixed maerophages 

Phagoeytize pathogens and damaged eells 

Adipoeytes 

Store lipid reserves 

Mesenehymal eells 

Connective tissue stem eells that ean 
differentiate into other eell types 

Melanoeytes 

Synthesize melanin 

WANDERING CELLS 

Free maerophages 

Mobile/traveling phagoeytie eells (derived 
from monoeytes of the blood) 

Mast eells 

Stimulate loeal inflammation 

Lymphoeytes 

Partieipate in imrrmne response 

Neutrophils and eosinophils 

Mobilize during infeetion or tissue injury 


Free maerophages (also ealled vvandering maerophages, elieited maero- 
phages, or histoeytes) are relatively large phagoeytie eells that wander rap- 
idly through the eonneetive tissues of the body. When circulating within 
the blood, these eells are ealled monoeytes. Fixed maerophages in a tissue 
provide a “frontline” defense that is reinforeed by the arrival of free mae- 
rophages and other speeialized eells. 

■ Mast eells are small, mobile eonneetive tissue eells that are found near 
blood vessels. The eytoplasm of a mast eell is filled with seeretory granules 
of histamine (HlS-ta-mèn) and heparin (HEP-a-rin). These ehemieals 
are released after injury or infeetion and stimulate loeal inflammation. 

Lymphoeytes (LIM-fò-sIts), like free maerophages, migrate throughout 
the body. Lymphoeytes multiply wherever tissue damage occurs, and some 
then develop into plasma eells (plasmoeytes ). Plasma eells produce antibodies, 
proteins that help defend the body against disease. 

■ Neutrophils and eosinophils are phagoeytie blood eells that are smaller 
than monoeytes. Small numbers of these eells migrate through eonnee- 
tive tissues. When an infeetion or injury occurs, ehemieals released by 
maerophages and mast eells attraet neutrophils and eosinophils in large 
numbers. 


Fibers of Connective Tissue Proper 

Connective tissue proper eontains three types of fibers: eollagen, reticular, and 
elastie fibers. Fibroblasts produce all three types of fibers by synthesizing and 
seereting protein subunits that eombine or cluster within the matrix. Fibroeytes 
maintain these eonneetive tissue fibers. 

Collagen Fibers The strongest and most eommon fibers in eonneetive tis- 
sue proper, eollagen fibers are long, straight, and unbranched gure 3.1 . 
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Eaeh eollagen fiber eonsists of three fibroiis protein subunits wound together 
like the strands of a rope. Also like a rope, a eollagen fiber is flexible but 
very strong when pulled from either end. This kind of applied foree is ealled 
tension, and the ability to resist tension is ealled tensile strength. 

Tendons and ligaments eonsist almost entirely of eollagen fibers. Tendons 
eonneet skeletal muscles to bones, and ligaments (LIG-a-ments) eonneet 
bone to bone, bone to eartilage, or eartilage to eartilage Figure 3.14a,b' . 
The parallel alignment of eollagen fibers in tendons and ligaments allows 
them to withstand tremendous forees. In faet, sudden, severe muscle eontrae- 
tions and skeletal movements are more likely to snap a bone than a tendon or 
ligament. 

Retieillar Fibers Reticular fibers ( reticulum , network) eontain the 
same protein subunits as eollagen fibers, but the subunits interaet in a dif- 
ferent way. Reticular fibers are thinner than eollagen fibers, and they form a 
branehing, interwoven framework that is tough but flexible. These fibers are 
abundant in organs such as the spleen and liver, where they ereate a complex 
three-dimensional network that supports the functional eells of these organs 
gures 3.12.2a and 3.13c]. Because they form a mesh within the organs, 
reticular fibers resist forees applied from many different direetions and stabilize 
the organ's eells, blood vessels, and nerves despite the pull of gravity. 

Elastie Fibers Branehing and wavy, elastie fibers eontain the protein 
elastin. After stretehing up to 150 pereent of their resting length, they reeoil to 
their original dimensions. 

Ground Substance of Connective Tissue Proper 

A solution ealled ground substance surrounds the cellular and fibrous eom- 
ponents of eonneetive tissue proper gure 3.12a . Ground substance in 
eonneetive tissue proper is elear, eolorless, and similar in eonsisteney to maple 
syrup. It eontains hyaluronan and a mixture of other proteoglyeans and glyeo- 
proteins that interaet to determine its eonsisteney. 

Loose Connective Tissues 

Loose eonneetive tissues are the “paeking material” of the body. These tissues 
fill spaees between organs, provide cushioning, and support epithelia. Loose 
eonneetive tissues also surround and support blood vessels and nerves, store 
lipids, and provide a route for the diffusion of materials. There are three types 
of loose eonneetive tissues: areolar, adipose, and reticular. 


Areolar Tissue The least speeialized eonneetive tissue in the adult body, 
areolar tissue ( areola , a little spaee) eontains all the eells and fibers found in 
eonneetive tissue proper Fii ure 3.13a). Areolar tissue has an open frame- 
work, and ground substance accounts for most of its volume. The ground sub- 
stanee cushions shoeks, and because the fibers within the ground substance are 
loosely organized, areolar tissue ean be distorted without damage. The presenee 
of elastie fibers makes it fairly resilient, so this tissue returns to its original 
shape after external pressure is relieved. 

A layer of areolar tissue separates the skin from deeper structures. In addi- 
tion to providing padding, the elastie properties of this layer allow a eonsiderable 
amount of independent movement. Thus, pinehing the skin of your arm does 
not affeet the underlying muscle. Conversely, eontraetions of the underlying 
arm muscles do not pull against your skin—as the muscle bulges, the areolar 
tissue stretehes. Because this tissue has an extensive circulatory supply, drugs 
injeeted into the areolar tissue layer under the skin are quickly absorbed into the 
bloodstream. 

In addition to delivering oxygen and nutrients and removing earbon diox- 
ide and waste products, the eapillaries (tiny blood vessels) in areolar tissue earry 
wandering eells to and from the tissue. When epithelial tissue eovers a layer 
of areolar tissue, the fibroeytes are responsible for maintaining the dense layer 
of the basement membrane. The epithelial eells rely on diffusion aeross the 
basement membrane, and the eapillaries in the underlying eonneetive tissue 
provide the neeessary oxygen and nutrients. 

Adipose Tissue Adipoeytes are found in almost all areolar eonneetive tis- 
sues. Adipoeytes ean beeome so abundant that any resemblanee to normal are- 
olar eonneetive tissue disappears: They beeome immobile, are surrounded by a 
basal lamina, and cluster together like tightly paeked grapes. The tissue is then 
ealled adipose tissue. In areolar eonneetive tissue, most of the tissue volume 
eonsists of intercellular fluids and fibers. In adipose tissue, most of the tissue 
volume eonsists of adipoeytes gure 3.13b] . 

There are two types of adipose tissue: white fat and brown fat. White fat, 
which is more eommon in adults, has a pale, yellow-white eolor. Its adipoeytes 
(termed white adipose eells) eontain a single large lipid droplet and are there- 
fore ealled unilocular adipose eells (uni, one, + locular, ehamber). White adipose 
tissue cushions shoeks, insulates the body to slow heat loss through the skin, 
and serves as padding or filler around structures. White adipose tissue is found 
under the skin of the groin, sides, buttocks, and breasts. It also surrounds the 
kidneys and fills the bony soekets behind the eyes and areas of loose eonneetive 
tissue in the perieardial and abdominal eavities. 



CLINICAL NOTE 


Liposuction 


Líposuction is a popular surgical procedure for reducing 
subcutaneous (under the skin) adipose tissue. Although many patients 
expect liposuction to be a quick, safe way to lose weight there is no sei- 
entifie evidenee that liposuction provides any health benefits. Liposuction 
does not alter any obesity-related diseases, the procedure has signifieant 
risks, and the adipose tissue that has been removed ean replaee itself. 

Several methods are used for liposuction, but in all, the sub- 
cutaneous adipose tissue is broken up and suctioned away. All the 
blood vessels and nerves that traverse this subcutaneous spaee are 
destroyed. Bleeding ean be signifieant, and the skin ean be left per- 
manently numb. The procedure itself or a postoperative infeetion ean 



destroy the overlying skin. Complications of liposuction are worse in 
people who smoke, have diabetes, or are older, due to reduced skin 
elastieity. 

Anyone thinking about 
such a drastie disruption of 
normal anatomy might eon- 
sider first watching a video 
of the procedure on a repu- 
table medieal website. 

Postoperative eomplieations of 
liposuction. 
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Figure 3.1 Histology of Loose Connective Tissues. This is the "paeking material" of the body # 
filling spaees between other structures. 
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Areolar tissue. Note the open framevvork; all the eells of eonneetive tissue 
proper are found in areolar tissue. 


Adipose Tissue 


LOCATIONS: Deep to the skin, 
espeeially at sides, buttocks, and 
breasts; padding around eyes 
and kidneys 



FUNCTIONS: Provides 
padding and cushions 
shoeks; insulates 
(reduces heat loss); 
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Adipose tissue. Adipose tissue is a loose eonneetive tissue dominated by adipoeytes. 
In standard histologieal vievvs, the eells look empty because their lipid inclusions 
dissolve during slide preparation. 
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Reticular tissue. Reticular tissue eonsists of an open framevvork of reticular fibers. These fibers 
are usually very difficult to see because of the large numbers of eells organized around them. 
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Brown fat is more abimdant in infants and ehildren than in adults. Fat is 
stored in numerous eytoplasmie vacuoles in brown adipose eells ( multilocular 
adipose eells). This tissue is highly vascularized, and the individual eells eontain 
numerous mitoehondria, giving the tissue a deep, rieh eolor. 

Brown fat, found between the shoulder blades, around the neek, and pos- 
sibly elsewhere in the upper body of newborn ehildren, is bioehemieally aetive 
and is important in temperature regulation of newborns and young ehildren. 
At birth, an infant’s temperature-regulating meehanisms are not fully func- 
tional, and brown fat provides a meehanism for raising body temperature rap- 
idly. Sympathetie fibers of the autonomic nervous system stimulate brown fat 
eells and aeeelerate their breakdown. The energy released from this ehemieal 
reaetion radiates into the surrounding tissues as heat, which is distributed 
throughout the body. In this way, an infant ean aeeelerate metabolie heat gen- 
eration by 100 pereent very quickly. With inereasing age and size, body tem- 
perature beeomes more stable, so the importanee of brown fat deelines. Adults 
have little if any brown fat. 

Retklllar Tisstie Connective tissue eonsisting of reticular fibers, maero- 
phages, fibroblasts, and fibroeytes is ealled reticular tissue gure 3.13c’ . 
The fibers of reticular tissue form the supporting eonneetive tissue of the liver, 
spleen, lymph nodes, and bone marrow. 

Dense Connective Tissues 

Most of the volume of dense eonneetive tissues eonsists of fibers. Dense 
eonneetive tissues are also ealled eollagenoiis (ko-LAJ-in-us) tissues because 
eollagen fibers are the dominant fiber type. There are two types of dense eon- 
neetive tissue: dense regular eonneetive tissue and dense irregular eonneetive 
tissue. 

Dense Regular Connective Tissue In dense regular eonneetive tis- 

sue the eollagen fibers are paeked tightly and aligned parallel to applied forees. 
Four examples are tendons, aponeuroses, elastie tissue, and ligaments. 

■ Tendons are eords of dense regular eonneetive tissue that attaeh skeletal 
muscles to bones and eartilage igure 3.14a). The eollagen fibers run 
along the longitudinal axis of the tendon and transfer the pull of the eon- 
traeting muscle to the bone or eartilage. Large numbers of fibroeytes are 
found between the eollagen fibers. 

■ Aponeuroses (ap-ò-nu-RÓ-sèz) are collagenous sheets or ribbons 
that resemble flat, broad tendons. Aponeuroses often eover the surface 
of a muscle and help attaeh superficial muscles to another muscle or 
structure. 

■ Elastie tissue eontains large numbers of elastie fibers, making it springy 
and resilient Figure 3.14b). This ability to streteh and rebound allows it 
to tolerate expansion and eontraetion. Elastie tissue is found deep to tran- 
sitional epithelia ( igure 3.7b, p. 57); it is also found in the walls of 
blood vessels and respiratory passageways. 

■ Ligaments resemble tendons, but they eonneet eartilage to eartilage, bone 
to eartilage, or bone to bone. Ligaments eontain signifieant numbers of 
elastie fibers as well as eollagen fibers, and they ean tolerate a modest 
amount of stretehing. Elastie ligaments have an even higher proportion 
of elastie fibers gure 3.14b]. Although uncommon elsewhere, elastie 
ligaments along the vertebral column are very important in stabilizing the 
vertebrae. 

Dense lrregular Connective Tissue The fibers in dense irregular 

eonneetive tissue form an interwoven meshwork and do not show any eon- 
sistent pattern i< ure 3.14c]. This tissue strengthens and supports areas 




TIPS & TOOLS 


Identifying Tendons and Elastie Ligaments 

It ean be difficult to distinguish between tendons and ligaments sinee 
both eontain fibroeytes and elosely paeked eonneetive tissue fibers, and 
both occur as sheets, bands, and eordlike structures. Here’s how to tell 
the differenee. 

In tendons gure 3.14a): 

■ There are relatively few fibroeytes. 

■ Fibroeytes are loeated between bundles of eollagen fibers. 

■ Fibroeytes tend to be elongated. 

In ligaments ure 3.14b : 

■ Fibroeytes are more numerous than in tendons. 

■ Fibroeytes are found among bundles of eollagen fibers. 

■ Fibroeytes tend to be less elongated in shape. 


subjected to stresses from many direetions. Except at joints, dense irregular eon- 
neetive tissue forms a sheath around eartilage (the perichondrium) and bone 
(the periosteum). It also forms the thiek fibrous capsule that surrounds many 
internal organs, such as the dermis, liver, kidneys, and spleen, and eneloses the 
eavities of joints. 

Fluid Connective Tissues 

► KEY POINT Two types of fluid eonneetive tissue, blood and lymph, eonsist of 

eells within a liquid matrix. 

Blood and lymph are fluid eonneetive tissues that eontain distinetive eollee- 
tions of eells in a fluid matrix ealled plasma. (We will discuss blood and lymph 
in detail in ehapters 20 and 23.) 

Blood eontains red blood eells, white blood eells, and platelets gure 3.1 : 

■ Red blood eells (erythroeytes) (e-RITH-rò-sTtz; erythros, red) account for 
almost half the volume of blood. Red blood eells transport oxygen and ear- 
bon dioxide in the blood. 

■ White blood eells (leukocytes) (LU-kò-sTts; \euko, white) include neu- 
trophils, eosinophils, basophils, lymphoeytes, and monoeytes. White blood 
eells help proteet the body against infeetion and disease. 

■ Platelets (thromboeytes), tiny membrane-enelosed paekets of eytoplasm, 
eontain enzymes and speeial proteins. Platelets function in the elotting 
response that seals breaks in blood vessel walls. 

The extracellular fluid of fluid eonneetive tissue includes three major 
subdivisions: plasma, interstitial fluid, and lymph. Plasma is normally eon- 
fined to the blood vessels, and eontraetions of the heart keep it in motion. In 
tissues, filtration moves water and small solutes out of eapillaries and into the 
interstitial fluid, which bathes the body’s eells. The major differenee between 
plasma and interstitial fluid is that plasma eontains a large number of sus- 
pended proteins. 

Lymph forms as interstitial fluid and then enters lymphatie vessels, small 
passageways that return it to the cardiovascular system. Along the way, eells 
of the immune system monitor the eomposition of the lymph and respond to 
signs of injury or infeetion. The number of eells in lymph varies, but ordinarily 
99 pereent of them are lymphoeytes. The rest are primarily phagoeytie maero- 
phages, eosinophils, and neutrophils. 
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Figure 3.14 Histology of Dense Connective Tissues 


Dense Regular Connective Tissue 



LOCATIONS: Between skeletal 


FUNCTIONS: Provides 
firm attaehment; conducts 
pull of muscles; reduces 
frietion between muscles; 
stabilizes relative positions 
of bones 


muscles and skeleton (tendons 
and aponeuroses); between 
bones or stabilizing positions 
of internal organs (ligaments); 
eovering skeletal muscles; 
deep faseiae 




Collagen 

fibers 


Fibroeyte 

nuclei 




Tendon. The dense regular eonneetive tissue in a tendon eonsists of densely paeked, 
parallel bundles of eollagen fibers. The fibroeyte nuclei are seen flattened betvveen the 
bundles. Most ligaments resemble tendons in their histologieal organization. 


LM X 440 




Elastie Tissue 


LOCATIONS: Between vertebrae 
of the spinal column (ligamentum 
flavum and ligamentum nuchae); 
ligaments supporting penis; 
ligaments supporting transitional 
epithelia; in blood vessel walls 


FUNCTIONS: Stabilizes 
positions of vertebrae and 
penis; cushions shoeks; 
permits expansion and 
eontraetion of organs 




Elastie 

fibers 


Fibroeyte 

nuclei 




Elastie Ligament. Elastie ligaments extend betvveen the vertebrae of the spinal column. The 
bundles of elastie fibers are fatter than the eollagen fiber bundles of a tendon or typieal ligament. 


LM X 887 


Dense lrregular Connective Tissue 


LOCATIONS: Capsules of 
viseeral organs; periostea 
and periehondria; nerve 
and muscle sheaths; dermis 

FUNCTIONS: Provides 
strength to resist forees 
applied from many 
direetions; helps 
prevent overexpansion 
of organs, such as 
the urinary bladder 




Oollagen 

fiber 

bundles 




Deep Dermis. The deep portion of the dermis of the skin eonsists of a 
thiek layer of intervvoven eollagen fibers oriented in various direetions. 
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Figure 3.15 Blood Cells and Platelets 



Red Rlood Cells 

Red blood eells, or 

erythroeytes, are responsible 
for the transport of oxygen 
(and, to a lesser degree, of 
earbon dioxide) in the blood. 



Red blood eells aeeoiint 
for about half the volume 
of whole blood and give 
blood its eolor. 


White Rlood Cells 


White blood eells, or leukocytes, defend 
the body from infeetion and disease. 



Neutrophil 



Eosinophil 


Basophil 


Monoeytes are 

phagoeytes similar to 
the free maerophages 
in other tissues. 


Lymphoeytes are 

uncommon in the 
blood, but they are 
the dominant eell 
type in lymph. 


Eosinophils and neutrophils are 

phagoeytes. Basophils promote 
inflammation like mast eells in 
other eonneetive tissues. 


Platelets 

Platelets, or thromboeytes, 
are membrane-enelosed 
paekets of eytoplasm. 



These eell fragments 
function in the elotting 
response that seals leaks 
in damaged or broken 
blood vessels. 


Supporting Connective Tissues 

► KEY POINT Cartilage and bone are the tvvo types of supporting eonneetive 
tissue. 

Cartilage and bone are supporting eonneetive tissues that provide a strong 
framevvork to support the rest of the body. In these eonneetive tissues, the 
matrix eontains numerous fibers and, in some eases, deposits of insoluble eal- 
cium salts. 

Cartilage 

The matrix of eartilage is a firm gel that eontains complex polysaeeharides ealled 
ehondroitin sulfates (kon-DRÓ-i-tin; ehondros, eartilage). The ehondroitin 
sulfates form complexes with proteins, forming proteoglyeans. Cartilage eells, 
or ehondroeytes (KON-drò-sTts), are the only eells within the eartilage matrix. 
Chondrocytes live in small ehambers known as lacunae (la-KOO-nè; laeiis, pool). 

The physieal properties of eartilage depend on the eomposition of its 
matrix. Collagen fibers provide eartilage with its tensile strength, and extra- 
cellular fibers and ground substance give eartilage its flexibility and resilienee. 

Cartilage is avascular because ehondroeytes produce a ehemieal that 
discourages the formation of blood vessels. All nutrients and waste products 
must diffuse through the matrix. A fibrous perichondrium (per-i-KON-dr 
è-um; peri, around) usually separates eartilage from the surrounding tissues 
(Fi jure 3.16a]. The perichondrium eontains two distinet layers: an outer 
fibrous layer of dense irregular eonneetive tissue and an inner cellular layer. 
The fibrous layer provides meehanieal support and proteetion and attaehes the 
eartilage to other structures. The cellular layer is important for the grovvth and 
maintenanee of the eartilage. 

Cartilage grows by two meehanisms, appositional grovvth and interstitial 
grovvth (Figure 3.16b,c): 

■ In appositional growth, stem eells of the inner layer of the periehon- 
drium undergo repeated eyeles of division. The innermost eells differenti- 
ate into ehondroblasts, which begin producing eartilage matrix. After they 
are eompletely surrounded by matrix, the ehondroblasts differentiate into 
ehondroeytes. Appositional grovvth gradually inereases the dimensions of 
the eartilage by adding to its surface. 


■ In interstitial growth, ehondroeytes within the eartilage matrix divide 
and their daughter eells produce additional matrix. This eyele enlarges the 
eartilage from within, much like a balloon inflating. 

Neither appositional nor interstitial grovvth occurs in adult eartilage. Most 
eartilage eannot repair itself after a severe injury. 

Types of Cartilage There are three types of eartilage: hyaline, elastie, and 
fibrous. 

■ In hyaline eartilage (Hl-a-lin; hyalos, glass), the most eommon type, the 
matrix eontains elosely paeked eollagen fibers. Although it is tough and 
somewhat flexible, this is the weakest type of eartilage. Because the eolla- 
gen fibers of the matrix do not stain well, they are not apparent in light 
mieroseopy Figure 3.17a). Examples of hyaline eartilage in the adult 
body include (1) the eonneetions between the ribs and the sternum, (2) 
supporting eartilages along the conducting passageways of the respiratory 
traet, and (3) articular eartilages eovering opposing bone smfaees within 
synovial joints, such as the shoulder. 

■ Elastie eartilage eontains numerous elastie fibers that make it extremely 
flexible. Elastie eartilage, along with other structures, forms the external 
flap (auricle) of the external ear gure 3.17b , the epiglottis, the audi- 
tory eanal (the airway to the middle ear), and the cuneiform eartilages of 
the larynx. Although the eartilage at the tip of the nose is very flexible, 
seientists disagree about whether it is elastie eartilage because the elastie 
fibers are less abundant than in the auricle or epiglottis. 

■ Fibrous eartilage, or fibroeartilage, has little ground substance and may 
laek a perichondrium, and the matrix is dominated by eollagen fibers 
(Figure 3.17c . Fibrocartilaginous pads lie in areas of high stress, such as 
the intervertebral dises between the spinal vertebrae, between the pubic 
bones of the pelvis, and around or within a few joints and tendons. Fibrous 
eartilage resists eompression, absorbs shoeks, and prevents damaging bone- 
to-bone eontaet. The eollagen fibers within fibrous eartilage follow the 
stress lines encountered at that particular loeation and therefore are more 
regularly arranged than those of hyaline or elastie eartilage. Cartilages heal 
slowly and poorly, and damaged fibrous eartilage in joints ean interfere 
with normal movement. 
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Figure 3.16 The Formation and Growth of Cartilage 
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This light mierograph shovvs the 
organization of a small pieee of 
hyaline eartilage and the 
surrounding perichondrium. 



Appositional Growth. The eartilage grovvs at its external surface through the differentiation 
of fibroblasts into ehondroeytes vvithin the cellular layer of the perichondrium. 


Matrix 

Chondrocyte 

Lacuna 



Chondrocyte undergoes division 
within a lacuna surrounded by 
eartilage matrix. 




As daughter eells seerete additional matrix, they 
move apart, expanding the eartilage from within. 


New 

matrix 



Interstitial Growth. The eartilage expands from vvithin as ehondroeytes 
in the matrix divide, grow, and produce new matrix. 




TIPS & TOOLS 


Identifying Hyaline and Elastie Cartilage 

It's not easy to distinguish hyaline eartilage from fibrous eartilage. To 
make matters more confusing, the seetion you are examining may not 
show a perichondrium because of the plane of seetion, even if one is 
present. Here’s how to tell them apart. 

In hyaline eartilage igure 3.17a): 

■ The matrix is homogeneous in appearanee. 

■ There is usually a perichondrium. 

■ Lacunae are randomly arranged. 

In fibrous eartilage íìgure 3.17c] : 

■ Collagenous fibers are visible within the matrix. 

■ There is no perichondrium. 

■ Lacunae are widely spaeed and regularly arranged. 


Bone 

Bone is the seeond type of supporting eonneetive tissue. There are signifieant 
differenees between eartilage and bone, or osseous tissue (OS-é-us; os, bone) 
(Table 3.2). (We will discuss the histology of bone in detail in ehapter 5.) 


Approximately one-third of the matrix of bone eonsists of eollagen fibers. The 
rest is a mixture of calcium salts—primarily calcium phosphate with lesser 
amounts of calcium earbonate. 

This eombination gives bone remarkable properties. By themselves, calcium 
salts are strong but rather brittle. Collagen fibers are weaker, but relatively flex- 
ible. In bone, the minerals are organized around the eollagen fibers. This results 
in a strong, somewhat flexible eombination that is very resistant to shattering. 
In its overall properties, bone ean eompete with the strongest steel-reinforeed 
eonerete. 

Figure 3.18 shows the general organization of bone. Lacunae eontain 
osteoeytes (OS-té-ò-sIts) and are often organized around blood vessels that 
braneh through the bony matrix. Because diffusion eannot occur through the 
calcium salts, osteoeytes communicate with blood vessels and with one another 
through slender eytoplasmie extensions termed filapodia. These extensions run 
through canaliculi (kan-a-LIK-u-H; “little canals ,> ), long slender passages in 
the matrix. Canaliculi form a branehing network for the exchange of materials 
between blood vessels and osteoeytes. 

There are two types of bone. Compact bone eontains blood vessels trapped 
within the matrix, and spongy bone does not. 

Except at joints, all bone surfaces are eovered by a periosteum 
(per-è-OS-tè-um) eomposed of an outer fibrous layer and an inner cellu- 
lar layer. The periosteum helps attaeh a bone to surrounding tissues and to 
tendons and ligaments. The cellular layer functions in bone growth and in 
repairs after an injury. 
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Figure 3.1 Histology of the Three Types of Cartilage. Cartilage is a supporting eonneetive tissue 
with a firm # gelatinous matrix. 


— 

Hyaline Cartilage 



LOCATIONS: Between 
tips of ribs and bones of 
sternum; eovering bone 
surfaces at synovial 
joints; supporting larynx 
(voiee box), traehea, and 
bronehi; forming part of 
nasal septum 



FLINOTIONS: Provides 
stiff but somewhat 
flexible support; reduces 
frietion between bony 
surfaces 



Hyaline eartilage. Note the translucent matrix and the absenee of prominent fibers. 


Chondrocytes 
in lacunae 


Matrix 



LM X 500 




LOOATIONS: Auricle of 
external ear; epiglottis; 
auditory eanal; cuneiform 
eartilages of larynx 


FUNCTIONS: Provides 
support, but tolerates 
distortion without 
damage and returns 
to original shape 



Chondrocyte 
in lacuna 


Elastie fibers 
in matrix 



LM X 358 
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Elastie eartilage. The elosely paeked elastie fibers are visible between the ehondroeytes 


Fibrous Cartilage 


LOOATIONS: Pads 
within knee joint; 
between pubic 
bones of pelvis; 
intervertebral dises 



FUNCTIONS: Resists 
eompression; 
prevents bone-to-bone 
eontaet; limits relative 
movement 



Chondrocytes 


Fibrous 

matrix 



Fibrous eartilage. The eollagen fibers are extremely dense, and the ehondroeytes are relatively far apart. 
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Table 3.2 


A Comparison of the Structural Features 
of Cartilage and Bone 


Feature 

Cartilage 

Bone 

Cells 

Chondrocytes in lacunae 

Osteoeytes in lacunae 

Matrix 

ehondroitin sulfates with 
proteins, forming hydrated 
proteoglyeans 

lnsoluble erystals of calcium 
phosphate and calcium 
earbonate 

Fibers 

Collagen, elastie, reticular 
fibers (proportions vary) 

Collagen fibers predominate 

Vascularity 

Avascular 

Extensive 

Covering 

Perichondrium, two layers 

Periosteum, two layers 

Strength 

Limited: bends easily but 
hard to break 

Strong: resists distortion until 
breaking point is reaehed 

Grovvth 

Interstitial and appositional 

Appositional only 

Repair 

eapabilities 

Limited ability 

Extensive ability 

Oxygen 

demands 

Low 

High 

Nutrient 

delivery 

By diffusion through matrix 

By diffusion through eytoplasm 
and fluid in canaliculi 


Unlike eartilage, bone imdergoes extensive remodeling on a regiilar basis 
and ean repair itself eompletely even after severe damage. Bone also responds 
to the stresses plaeed on it. It grows thieker and stronger with exercise, but 
beeomes thin and brittle with inaetivity. 



CONCEPT CHECK 

5 Identify the three basie eomponents of all eonneetive 
tissues. 

6 What is a major differenee betvveen eonneetive tissue 
proper and supporting eonneetive tissue? 

7 What are the two general elasses of eells in eonneetive 
tissue proper? What eells are found in eaeh elass? 


5ee the blue Ansvvers tab at the baek of the book. 


3.3 Membranes 

► KEY POINT Epithel ia and eonneetive tissues eombine to form membranes, 
vvhieh eover and proteet other structures and tissues. 


Figure 3.18 Anatomy and Histologieal Organization of Bone. Bone is a supporting eonneetive 
tissue vvith a hardened matrix. The osteoeytes ìn eompaet bone are usually organized ín groups 
around a eentral spaee that eontains blood vessels. For the photomierograph, a sample of bone vvas 
ground thin enough to beeome transparent. Bone dust produced during the grinding filled the 
lacunae, making them appear dark. 
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A membrane eonsists of an epithelial sheet with an underlying eonneetive 
tissue layer. There are four types of epithelial membranes: mucous, serous, 
cutaneous, and synovial. 

Mucous Membranes 

► KEY POINT Mucous membranes are moist and line passageways that open to 
the exterior of the body. 

A mucous membrane, or mucosa (mu-KÓ-sa; plural, mucosae), forms a 
barrier that resists the entry of pathogens ure 3.19a' . The epithelial 
surfaces of the mucosa are moist because they are lubricated by mucus or 
other glandular seeretions or by fluids such as urine or semen. The areo- 
lar tissue eomponent of a mucous membrane is ealled the lamina propria 
(PRÓ-prè-a). The lamina propria forms a bridge that eonneets the epithe- 
lium to underlying structures. It also supports blood vessels and nerves that 
supply the epithelium. 

Examples of mucous membranes are (1) the simple columnar epithe- 
lium of the digestive traet, (2) the stratified squamous epithelium of the 


oral eavity, and (3) the transitional epithelium found in most of the urinary 
traet. We will discuss speeifie mucous membranes in greater detail in later 
ehapters. 

Serous Membranes 

► KEY POINT Serous membranes line body eavities that laek openings to the 
exterior; they minimize frietion between opposing surfaces. 

A serous membrane eonsists of a mesothelium (t) p. £ supported by a 
thin layer of areolar eonneetive tissue rieh in blood and lymphatie vessels 
gure 3.1 9b . The three types of serous membranes are the pleura, perito- 
neum, and pericardium. 

■ The pleura lines the pleural eavities and eovers the lungs 

■ The peritoneum lines the peritoneal eavity and eovers the surfaces of the 
enelosed organs 

■ The perieardhim lines the perieardial eavity and eovers the heart. to p. 19 


Figure 3.19 Membranes. Membranes are eomposed of epithelia and eonneetive tissaes, which 
eover and proteet other tissues and structures. 



Mucous membranes are 
eoated with the seeretions 
of mucous glands. These 
membranes line most of 
the digestive and respira- 
tory traets and portions of 
the urinary and reproduc- 
tive traets. 



Mucous seeretion 


Epithelium 


Lamina propria 
(areolar tissue) 


Serous membranes line 
the peritoneal, pleural, 
and perieardial body 
eavities. 



Transudate 

Mesothelium 

Areolar eonneetive tissue 


The cutaneous membrane, 
or skin, eovers the outer 
surface of the body. 



Epithelium 


Areolar eonneetive tissue 

Dense irregular 
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Synovial membranes line 
joint eavities and produce 
the fluid within the joint. 
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I Serous membranes are very thin and attaeh firmly to the body wall and the 
organs they eover. When you look at an organ, such as the heart or stomaeh, 
you are seeing its tissues through a transparent serous membrane. 

The parietal and viseeral portions of a serous membrane are in elose eontaet 
at all times. The membrane’s primary function is to minimize frietion between 
these two surfaces. Because the mesothelial eells are very thin, serous membranes 
are relatively permeable, and tissue fluids diffuse onto the exposed surface, keep- 
ing it moist and slippery. 

The fluid formed on the surfaces of a serous membrane is ealled a transudate 
(TRANS-u-dàt; trans-, aeross). Three examples of transudates are the pleural 
fluid, peritoneal fluid, and perieardial fluid. In normal, healthy individuals, the 
total volume of transudate at any given time is extremely small, just enough to 
prevent frietion between the walls of the eavities and the surfaces of internal 
organs. After an injury or in eertain diseases, the volume of transudate may 
inerease dramatieally, eomplieating existing medieal problems or producing 
new ones. 

The Cutaneous Membrane (Skin) 

► KEY POINT The cutaneous membrane eovers the body surface. 

The cutaneous membrane, or the skin, eovers the surface of the body. It eon- 
sists of a keratinized stratified squamous epithelium and an underlying layer 
of areolar eonneetive tissue that is reinforeed by a layer of dense eonneetive 
tissue igure 3.19c] . Unlike serous and mucous membranes, the cutaneous 
membrane is thiek, relatively waterproof, and usually dry. The skin is the first 
line of defense against environmental pathogens. (We will discuss the skin in 
detail in ehapter 4.) 

Synovial Membranes 

► KEY POINT Synovial membranes line and lubricate joint eavities. 

Bones eontaet one another at joints, or articulations. Joints that permit signif- 
ieant movement are surrounded by a fibrous capsule and eontain a joint eavity 
lined by a synovial membrane. This synovial (si-NÓ-vè-al) membrane eon- 
sists of areolar tissue eovered by an ineomplete superficial layer of squamous or 
cuboidal eells (Figure 3.19d). 


Although ealled an epithelial tissue, the synovial membrane lining a joint 
eavity develops within eonneetive tissue. Synovial membrane differs from other 
epithelial tissues in three respeets: 

o It has no basement membrane. 

o Its cellular layer is ineomplete, with gaps between adjaeent eells. 

o Its “epithelial cells ,, derive from maerophages and fibroblasts of the adja- 
eent eonneetive tissue. 

Some of the lining eells are phagoeytie, and others are seeretory. The 
phagoeytie eells remove cellular debris or pathogens that could dismpt joint 
function. The seeretory eells regulate the eomposition of the synovial fluid 
within the joint eavity. Synovial fluid lubricates the eartilages in the joint, dis- 
tributes oxygen and nutrients, and cushions shoeks. 

Embryonie Connective Tissues 

► KEY POINT Mesenehyme and mucoid eonneetive tissue are two forms of em- 
bryonie eonneetive tissues. 

Mesenehyme is the first eonneetive tissue to appear in the developing 
embryo. Mesenehyme eontains star-shaped eells separated by a matrix that 
eontains very fine protein filaments. This eonneetive tissue gives rise to all 
other eonneetive tissues, including fluid eonneetive tissues, eartilage, and 
bone gure 3.20a] . Mucoid eonneetive tissue (gelatinous eonneetive tissue 
or VVharton's jelly ) is a loose eonneetive tissue found in many regions of the 
embryo, including the umbilical eord gure 3.20b] . 

Neither of these embryonie eonneetive tissues is found in the adult. How- 
ever, many adult eonneetive tissues eontain seattered mesenehymal (stem) eells 
that assist in repairs after the eonneetive tissue has been injured or damaged. 

3.3 CONCEPT CHECK 

8 Identify the four types of membranes in the body and 
^ list their functions. 

See the blue Ansvvers tab at the baek of the book. 


Figure 3.20 Histology of Embryonie Connective Tissues. These eonneetive tissue types give rise to 
all other eonneetive tissue types. 



Blood vessels 


Mesenehymal eells 
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Mesenehyme. This is the first eonneetive tissue to 
appear in the embryo. 



Mucous Connective Tissue. (1/1 /harton’s jelly). This 
sample was taken from the umbilical eord of a fetus. 


72 Foundations 


www.ebook3000.com 






















CLINICAL NOTE 


Do ehondroit n and Glucosamine 


He Ip Arthritis Pain? 


ehondroitin and glucosamine are two substances found in 
articular hyaline eartilage. Loss of this articular eartilage results in 
arthritis. Many people believe that taking supplements eontaining 
ehondroitin and/or glucosamine wi11 make their aehing joints feel 
better. When ehondroitin and glucosamine reaeh the stomaeh and 
intestines, they are broken down (eatabolized) into their amino 
aeids and are not absorbed as intaet molecules. 

Many studies have eompared the effeets of glucosamine and 
ehondroitin with a plaeebo (an inert substance that has no aetive 
ingredients). Studies that are sponsored by the supplement industry 
appear more favorable than independent stodies, but there is little 
overall evidenee to prove that either supplement works better than 
a plaeebo. 



The Connective Tissue Framework 
of the Body 


► KEYPOINT eonneetive tissues provide the internal framework of the body. 


Layers of eonneetive tissue eonneet the organs within the body eavities with 
the rest of the body. These layers provide strength and stability, maintain the 
positions of internal organs, and provide a route for the distribution of blood 
vessels, lymphatie vessels, and nerves. 


Faseia (FASH-é-a; plural, faseiae) is a layer or sheet of eonneetive tissue 
that you ean see on gross disseetion. There are three types of faseia: superficial, 
deep, and subserous (Figure 3.21): 

■ The siiperfieial faseia, or subcutaneous layer ( sub , below, + cutis , skin), 
is also termed the hypodermis ( hypo , below, + derma, skin). This layer of 
loose eonneetive tissue separates the skin from underlying tissues and 
organs. It provides insulation and padding and lets the skin and underlying 
structures move independently. 

■ The deep faseia eonsists of dense regular eonneetive tissue. Its fiber orga- 
nization resembles that of plywood because all of the eonneetive tissue 
fibers in a layer run in the same direetion, but the orientation of the fibers 
ehanges from one layer to another. This structure helps the deep faseia resist 
forees from many different direetions. Structures that eonneet to the deep 
faseia include the tough capsules that surround organs (including the organs 
in the thoraeie and peritoneal eavities), the perichondrium around eartilages, 
the periosteum around bones, and the eonneetive tissue sheaths of muscle. 
The deep faseia of the neek and limbs, the intermuscular faseia, passes 
between groups of muscles and divide the muscles into eompartments that 
differ functionally and developmentally. These dense eonneetive tissue eompo- 
nents are interwoven. For example, the deep faseia around a muscle blends into 
the tendon, whose fibers blend into the periosteum. This arrangement ereates 
a strong, fibrous network for the body and ties structural elements together. 

■ The subserous faseia is a layer of loose eonneetive tissue that lies between 
the deep faseia and the serous membranes that line body eavities. The sub- 
serous faseia separates the serous membranes from the deep faseia, pre- 
venting the movements of muscles and muscular organs from severely 
distorting the delieate lining. 

To illustrate the strength of faseia, faseia ean hold surgical sutures, but the 
muscle, areolar, and adipose tissues that faseia eneloses eannot. 


Figure 3.2 The Faseiae.The anatomieal relationship of eonneetive tissue elements in the body. 


Body wall 



Cutaneous membrane 


Connective Tissue Framework of Body 


Superficial Faseia 

• Between skin and 
underlying organs 

• Areolar tissue and adipose 
tissue 

• Also known as 
subcutaneous layer or 
hypodermis 



• Forms a strong, fibrous 
internal framework 

• Dense irregular eonneetive 
tissue 

• Bound to capsules, 
tendons, ligaments, ete. 

Subserous Faseia 

• Between serous membranes 
and deep faseia 

• Areolar tissue 
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CONCEPT CHECK 

9 Give another name for the superficial faseia. What 
does it do? 

10 Which layer of faseia lies between the deep faseia 
and the serous membranes, and what is its function? 


5ee the blue Ansvvers tab at the baek of the book. 


3.5 Miisde Tissiie 

► KEY POINT The three types of muscle tissue—skeletal, eardiae, and smooth— 
are speeialized for eontraetion. 

Muscle tissue is eapable of powerful eontraetions that shorten its eells along 
the longitudinal axis gure 3.21 . A muscle eell possesses organelles and 
properties distinet from those of other eells. Because it is so different from 
“typieal” eells, the eytoplasm of a muscle eell is ealled sareoplasm, and its 
plasma membrane is ealled a sareolemma. 

Our bodies have three types of muscle tissue*: skeletal, eardiae, and 
smooth. The eontraetion meehanism is similar in all three, but their internal 
organization is different. Here we will focus on general eharaeteristies; we will 
discuss eaeh muscle type in detail in ehapters 9, 21, and 25. 

Skeletal Musde Tissue 

► KEY POINT Skeletal muscle is eomposed of slender multinucleate eells that 
form striated voluntary muscle. 

Skeletal muscle tissue eontains very large eells. Individual skeletal muscle 
eells, ealled muscle fibers, are relatively long and slender, and some may be a 
foot (0.3 m) or more in length. Eaeh eell is multinucleate, eontaining hun- 
dreds of nuclei lying just deep to the sareolemma f gure 3.22ai . Skeletal 
muscle fibers eannot divide, but new muscle fibers ean be produced through 
the division of myosatellite eells (also termed satellite eells), a type of stem 
eell that persists in adult skeletal muscle tissue. As a result, skeletal muscle tis- 
sue ean at least partially repair itself after an injury. 

Skeletal muscle fibers eontain aetin and myosin eontraetile filaments arranged 
in parallel within organized functional groups. As a result, skeletal muscle fibers look 
banded, or striated -igure 3.22a] . Normally, skeletal muscle fibers will not eon- 
traet unless stimulated by nerves, and the nervous system provides voluntary eontrol 
over their aetivities. Thus, skeletal muscle is ealled striated voluntary muscle. 

Areolar eonneetive tissue binds skeletal muscle tissue together. The eolla- 
gen and elastie fibers surrounding eaeh skeletal muscle eell and group of eells 
blend into those of a tendon or aponeurosis that conducts the foree of eontrae- 
tion—usually to a bone of the skeleton. When the muscle tissue eontraets, it 
pulls on the bone, and the bone moves. 

Cardiac Musde Tissue 

► KEY POINT Card iae muscle tissue, found only in the heart, is striated involun- 
tary muscle. 

Cardiac muscle tissue is found in the heart. A eardiae muscle eell is smaller 
than a skeletal muscle fiber and has one eentrally plaeed nucleus. Its promi- 
nent striations resemble those of skeletal muscle (Figure 3.22b). 

Cardiac muscle eells form extensive eonneetions with one another at spe- 
eialized regions ealled interealated dises. As a result, eardiae muscle tissue 


* Terminologia Histologiea: International Termsfor Human Cyto!ogy and Histology (2008) splits 
striated muscle tissue into noneardiae striated muscle tissue and eardiae striated muscle 
tissue. We will use skeletal muscle tissue and eardiae muscle tissue respeetively.. 


* 

■ 

Identifying Skeletal, Smooth, and Cardiac Muscle 

When viewing skeletal, smooth, and eardiae muscle, it is important 
to keep in mind several distinguishing eharaeteristies. Listed below are 
some of the more obvious eharaeteristies that may be used to help iden- 
tify the muscle type. 




TOOLS 






Muscle 

(Seetion Type) 

Nudeus 

Shape; Size Variation 

Skeletal muscle 
(eross seetion) 

Multiple nuclei; 
peripherally loeated 

Rounded eells; minimal 
size variation 

Skeletal muscle 

(longitudinal 

seetion) 

Multiple nuclei; 
peripherally loeated 

Rounded eells; minimal 
size variation 

Smooth muscle 
(eross seetion) 

Single nucleus; 
eentrally loeated 

Circular eells; 
eonsiderable size 
variation 

Smooth muscle 
(longitudinal seetion) 

Single nucleus; 
eentrally loeated 

Spindle-shaped eells; 
eonsiderable size variation 

Cardiac muscle (eross 
seetion) 

Single nucleus; 
eentrally loeated 

Rounded eells; moderate 
size variation 

Cardiac muscle 
(longitudinal seetion) 

Single nucleus; 
eentrally loeated 

Branehed eells; moderate 
size variation 


eonsists of a branehing network of intereonneeted muscle eells. The interealated 
dises help ehannel the forees of eontraetion, and gap junctions within the inter- 
ealated dises help eoordinate the aetivities of individual eardiae muscle eells. 
Like skeletal muscle fibers, eardiae muscle eells eannot divide, and because this 
tissue laeks myosatellite eells, damaged eardiae muscle tissue eannot regenerate. 

Cardiac muscle eells do not rely on the nervous system to start a eontrae- 
tion. Instead, speeialized eardiae muscle eells ealled paeemaker eells establish 
a regular rate of eontraetion. Although the nervous system ean alter the rate of 
paeemaker aetivity, it does not provide voluntary eontrol over individual eardiae 
muscle eells. Therefore, eardiae muscle is striated involuntary muscle. 

Smooth Musde Tissue 

► KEY POINT Smooth muscle tissue, found in the vvalls of blood vessels and 

various organs, is nonstriated involuntary muscle. 

Smooth muscle tissue is found in the walls of blood vessels, around hollow 
organs such as the urinary bladder, and in layers around the respiratory, circula- 
tory, digestive, and reproductive traets. A smooth muscle eell is small, with tapering 
ends, and eontains a single, eentrally loeated oval nucleus gure 3.22c] . Because 
smooth muscle eells ean divide, smooth muscle ean regenerate after an injury. 

The aetin and myosin filaments in smooth muscle eells are organized dif- 
ferently from those of skeletal and eardiae muscle, and as a result there are no 
striations; it is the only nonstriated muscle tissue. Some smooth muscle eells eon- 
traet on their own, through the aetion of paeemaker eells, while others eontraet 
when stimulated by the nervous system. However, the nervous system does 
not provide voluntary eontrol over those eontraetions, so smooth muscle is 
nonstriated involuntary muscle. 



CONCEPT CHECK 

11 Muscle tissue is speeialized to aeeomplish what function? 

12 How do skeletal, eardiae, and smooth muscle eells differ? 


See the blue Ansvvers tab at the baek of the book. 
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Figiire 3.22 Histology of Muscle Tissue 



Cells are long, eylindrieal, 
striated, and multinucleate 

LOCATIONS: Combined 
with eonneetive tissues 
and neural tissue in 
skeletal muscles 


FUNCTIONS: Moves or 
stabilizes the position of 
the skeleton; guards 
entranees and exits to the 
digestive, respiratory, and 
urinary traets; generates 
heat; proteets internal 
organs 
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Skeletal Muscle Fibers. Note the large fiber size, prominent banding pattern, multiple 
nuclei, and unbranched arrangement. 



Oardiae Muscle Tissue 


Cells are short, branehed, 
and striated, usually with a 
single nucleus; eells are 
intereonneeted by 
interealated dises. 

LOOATION: Heart 


FUNCTIONS: Circulates 
blood; maintains 
blood pressure 
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Cardiac Muscle Cells. Cardiac muscle eells differ from skeletal muscle fibers in three major ways: 
size (eardiae muscle eells are smaller), organization (eardiae muscle eells braneh), and number of 
nuclei (a typieal eardiae muscle eell has one eentrally plaeed nucleus). Both eontain aetin and myosin 
filaments in an organized array that produces the striations seen in both types of muscle eell. 



Smooth Muscle Tissue 


Cells are short, spindle- 
shaped, and nonstriated, 
with a single, eentral 
nucleus 

LOCATIONS: Found in the 
walls of blood vessels and in 
digestive, respiratory, urinary, 
and reproductive organs 

FUNCTIONS: Moves food, 
urine, and reproductive 
traet seeretions; eontrols 
diameter of respiratory 
passageways; regulates 
diameter of blood vessels 




Nucleus 


Smooth 

muscle 

eells 



Smooth Muscle Cells. Smooth muscle eells are small and spindle-shaped, with a 
eentral nucleus. They do not braneh, and there are no striations. 
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Figure 3.2 Histology of Nervous Tissue. Diagrammatie and histologieal views of a representative 
neuron. Neurons conduct eleetrieal impulses over relatively long distanees within the body. 
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Diagrammatie view of a representative neuron 
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Histologieal view of a representative 


neuron 


3.6 Nervous Tissue 

► KEY POINT Nervous tissue is speeialized to conduct eleetrieal impulses from 

one region of the body to another. 

Most of the nervous tissue in the body (roughly 96 pereent) is eoneentrated 
in the brain and spinal eord, the eontrol eenters for the nervous system. Ner- 
vous tissue eontains two basie types of eells: neurons and neuroglia. 

■ Neurons (NU-ronz; neuro, nerve), or nerve eells , transmit eleetrieal 
impulses along their plasma membrane. All of the functions of the ner- 
vous system involve ehanges in the pattern and frequency of the impulses 
earried by individual neurons. 

■ Neuroglia (nu-ROG-lè-a; glia, glue) is a general term for several different 
kinds of supporting eells. Neuroglia have various functions, such as sup- 
porting nervous tissue, regulating the eomposition of the interstitial fluid, 
and providing nutrients to neurons. 

Neurons are the longest eells in the body, with many reaehing a meter 
in length. Most neurons are ineapable of dividing under normal circum- 
stanees, and they have a very limited ability to repair themselves after injury. 
A neuron has a eell body, or soma, that eontains a large, prominent nucleus 
gure 3.23 . Typieally, the eell body is attaehed to several branehing pro- 
eesses, ealled dendrites (DEN-drlts; dendron, tree), and a single axon. Den- 
drites reeeive ineoming messages; axons conduct outgoing messages. It is the 
length of the axon that ean make a neuron so long; because axons are very 
slender, they are also ealled nerve fibers. In ehapter 13 we will discuss ner- 
vous tissue in more detail. 



CONCEPT CHECK 

13 Nervous tissue is speeialized to aeeomplish vvhat 
function? 

14 What tvvo types of eells are found in nervous tissue, 
and vvhat are their functions? 


3.7 Tissiies and Aging 

► KEY POINT Tissue structure, repair, and maintenanee undergo normal 
ehanges with aging. 

As tissues age, repair and maintenanee aetivities beeome less effieient, and a 
eombination of hormonal ehanges and alterations in lifestyle affeet the struc- 
ture and eomposition of many tissues. Epithelial tissues get thinner, and eon- 
neetive tissues beeome more fragile. We brnise easily, and bones beeome brittle. 
Joint pains and broken bones are eommon eomplaints. Because eardiae muscle 
eells and neurons eannot be replaeed, over time, cumulative losses from rela- 
tively minor damage ean contribute to major health problems such as eardio- 
vascular disease and impaired mental function. 

In future ehapters we will discuss the effeets of aging on speeifie organs 
and systems. Some of these ehanges are genetieally programmed. For exam- 
ple, the ehondroeytes of older individuals produce a slightly different form 
of proteoglyean than those of younger people. The differenee probably 
accounts for the observed ehanges in the thiekness and elastieity of earti- 
lage. In other eases, tissue degeneration may be temporarily slowed or even 
reversed. 

The age-related reduction in bone strength in women, a eondition ealled 
osteoporosis, is often caused by a eombination of inaetivity, low dietary eal- 
cium levels, and a reduction in circulating estrogens (female sex hormones). 
Exercise and ealeimn supplements, sometimes eombined with hormone 
replaeement therapies, ean usually maintain normal bone structure for many 
years. (The risks versus potential benefits of hormone replaeement therapies 
must be carefully evaluated on an individual basis.) 

In this ehapter we have introduced the four basie types of tissue found in 
the human body. In eombination, these tissues form all the organs and systems 
that we will discuss in future ehapters and in the Embryology Summary at the 
end of this ehapter. 



CONCEPT CHECK 

15 What general ehanges occur vvithin the tissues of the 
body as a person ages? 


5ee the blue Ansvvers tab at the baek of the book. 
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CelS Division, Tumor Formation, 
and Ganeer 


When eells divide and grow at an abnormal rate # they 
form a tumor, or neoplasm. If the tumor is benign, the eells 
remain within a eonneetive tissue capsule. If the eells no longer 
respond to feedbaek meehanisms and spread to surrounding 
or distant tissues # the tumor is malignant and is known as 
eaneer. Malignant eells that spread to distant tissues through 
the lymphatie system or blood form metastatie tumors. 

Cancer eells lose their resemblanee to normal eelIs, both in 
appearanee and in function. They grow and multiply rapidly 
at the expense of normal tissues # often causing progressive 
weight loss. 

Oneologists are physieians who speeialize in treating 
eaneer. Cancers are elassified in two ways: by the tissue of 
origin (histologieal type) and by the primary site of the 
tumor (Table 3.3). 


Table 3.3 


Cancer Oassifieation by Tissue of Origin 


Tissue of Origin 

Category 

Epithelial Tissue 

Carcinomas 

Epithelial tissue of organs or 
glands 

Adenoeareinomas 

Squamous epithelium 

Squamous eell eareinomas 

Connective Tissue 

Sareomas 

Fibrous eonneetive tissue 

Fibrosareomas 

Adipose tissue 

Liposareomas 

Supporting eonneetive tissue 

ehondrosareomas and osteosareomas 

Fluid Connective Tissue 

Plasma eells of bone marrow 

Myelomas 

Blood 

Leukemias 

Lymph 

Lymphomas 

Muscle Tissue 

Skeletal muscle 

Rhabdomyosareomas 

Smooth muscle 

Leiomyosareomas 

Neurogenic Connective Tissue Found in the Brain 

Neural interstitial tissue 

Gliomas 


The Development of Cancer. Diagram of abnormal eell divisions leading to 
the formation of a tumor. Blood vessels grow into the tumor # and tumor eells 
invade the blood vessels to travel throughout the body. 
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EMBRYOLOGY S U M M ARY 


3.8 Siimmary of Early Embryology 

The Formation of Tissues 



FERTILIZATION 


Fertilization produces 
a single eell, or zygote 
(Zl-gòt), that eontains 
the normal number of 
ehromosomes (46). 



DAY 3 



DAY 4 



During eleavage, eell divisions 
produce a hollovv ball of eells 
ealled a blastoeyst. This proeess 
takes about a vveek to eomplete. 



The blastoeyst eontains tvvo 
groups of eells vvith very different 
fates. The outer layer, or 
trophoblast (TRÒ-fò-blast; 
trophos, food, + blast, precursor), 
vvill form the plaeenta, vvhieh 
nourishes the developing 
embryo. The inner eell mass 
vvill form the actual embryo. 


Eetoderm 



DAY10 


Trophoblast 


DAY 6 



Endoderm 


During the seeond vveek of 
development, different 
populations of eells ean be seen 
in the inner eell mass. These 
eells are organized into three 
primary germ layers: the 
eetoderm, mesoderm, and 
endoderm. Further differentiation 
of the primary germ layers vvill 
produce the major tissue types. 


Blastoeyst 


DAY14 


All three germ layers partieipate in the 
formation of functional organs and 
organ systems. Their interaetions vvill be 
detailed in later Embryology Summaries 
dealing vvith speeifie systems. 
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The Development of Epithelia 



These eells differentiate into 
functional epithelial eells and 
gland eells that may have 
endoerine or exocrine functions 
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Epithelium 



Connective 

tissue 
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Complex glands begin to form 
as epithelial eells grow into the 
underlying eonneetive tissue. 


Skin 


Respiratory epithelium 
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Duct 


In the formation of 
an exocrine gland, 
the eells eonneeting 
the seeretory eells to 
the surface form the 
duct that earries the 
seeretions of the 
gland eells to the 
epithelial surface. 




Connecting 

eells 

disappear 


Blood 

vessel 



In the formation of 
an endoerine gland, 
the eonneeting eells 
disappear, and the 
gland eells seerete 
into blood vessels or 
into the surrounding 
tissue fluids. 


Exocrine seeretory 

eell 


Endoerine seeretory 

eell 
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Origins of Connective Tissmes 


80 


Chondrocyte Cartilage matrix 






Oartilage develops as mesenehymal eells 
differentiate into ehondroblasts that produce 
eartilage matrix. These eells later beeome 
ehondroeytes. 


Embryonie eonneetive tissue 

develops as the density of fibers 
inereases. Embryonie eonneetive 
tissue may differentiate into any 
type of eonneetive tissue proper. 


Fluid eonneetive tissues form as mesenehymal 
eells ereate a netvvork of intereonneeted tubes. 
Cells trapped in those tubes differentiate into 
red and vvhite blood eells. 


Mesenehyme is the first 
eonneetive tissue to appear in the 
developing embryo. Mesenehyme 
eontains star-shaped eells that are 
separated by a ground substance 
that eontains fine protein filaments. 
Mesenehyme gives rise to all other 
forms of eonneetive tissue, and 
seattered mesenehymal eells in 
adult eonneetive tissues partieipate 
in their repair after injury. 


Endoderm 


Osteoeyte 


Bone formation begins as mesenehymal eells 
differentiate into osteoblasts that lay dovvn 
the matrix of bone. These eells later beeome 
trapped as osteoeytes. 

Blood Lymph 


Eetoderm 

Mesoderm 


Chondroblast 


Osteoblast 
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tissue 


Fluid 
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Loose 
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The Development of Organ Systems 


Amniotie Embryonie 


eavity 


shield 
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Many different organ systems show similar patterns of organization. 
For example, the digestive, respiratory, urinary, and reproductive 
systems eaeh include passageways lined by epithelia and surrounded 
by layers of smooth muscle. These patterns are the result of 
developmental proeesses that take plaee in the first two months of 
embryonie life. 




■ ThJ lar 


Amnion 


Embryonie 

shield 


Yolk sae 



Primitive streak 


Eetoderm 



Mesoderm eells 


Endoderm 


After roughly two weeks of development, the inner eell mass is only a millimeter in 
length. The region of embryonie development is ealled the embryonie shield. It 
eontains a pair of epithelial layers: an upper eetoderm and an underlying endoderm 
At a region ealled the primitive streak, superficial eells migrate between the two, 
adding to an intermediate layer of mesoderm. 


Future head 


Eetoderm 


Mesoderm 


DAY18 



By day 18, the embryo has begun to lift off the surface of the embryonie shield. 
The heart and many blood vessels have already formed, well ahead of the other 
organ systems. 


V 


Developing ear Pharyngeal arehes Muscle bloeks 



Eye Heart bulge llmbilieal eord 



Mouth Lung bud Liver bud Spinal eord Midgut 


Future 

urinary 

bladder 


Brain Heart Llmbilieal eord Tail 


DAY28 


After one month, all major organ systems have begun to develop. 
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Study Outline 


lntroduction p. 50 

Tissiies are eolleetions of speeialized eells and eell products that 
are organized to perform a relatively limited number of functions. 
There are four primary tissue types: epithelial tissue f eonneetive 
tissue f muscle tissue f and nervous tissue. (See Figure 3.1.) 

Histology is the study of tissues. 


3.1 


Epithelial Tissue p.50 


Epithelial tissues include epithelia , vvhieh eover surfaces f and glarids, 
which are seeretory structures derived from epithelia. An epithelium 
is an avascular sheet of eells that forms a surface f lining f or eovering. 
Epithelia eonsist mainly of tightly bound cells f rather than extracellular 
materials. fSee Figures 3.2 to 3.9 and Spotlight Figure 3.10.) 

Epithelial eells are replaeed continually through stem eell aetivity. 

Functions of Epithelial Tissue p. 50 

Epithelia provide physieal protection f eontrol permeability f provide 
sensation f and produce speeialized seeretions. Gland eells are 
epithelial eells (or eells derived from them) that produce seeretions. 

Speeializations of Epithelial Cells p. 50 

Epithelial eells are speeialized to maintain the physieal integrity of 
the epithelium and perform seeretory or transport functions. 

Epithelia may show polarity from the basal to the apieal surface; 
eells eonneet to neighbor eells on their lateral surfaces; some epithelial 
eells have mierovilli on their apieal surfaces. There are often structural 
and functional differenees between the apieal surface and the 
basolateral surfaces of individual epithelial eells. fSee Figure 3.2.) 

The eoordinated beating of the eilia on a eiliated epithelium 
moves materials aeross the epithelial surface. (See Figure 3.2.) 

Maintaining the Integrity of the Epithelium p. 52 

All epithelial tissue rests on an underlying basement membrane. In 
areas exposed to extreme ehemieal or meehanieal stresses f divisions by 
stem eells replaee the short-lived epithelial eells. (See Figure 3.3a.) 

dassifieation of Epithelia p. 53 

Epithelia are elassified on the basis of the number of eell layers in 
the epithelium and the shape of the exposed eells at the surface of 
the epithelium. (See Figures 3.4 to 3.7.) 

A simple epithelium has a single layer of eells eovering the basement 
membrane. A stratified epithelium has several layers. In a squamous 
epithelium the surface eells are thin and flat; in a cuboidal 
epithelium the eells resemble short hexagonal boxes; in a columnar 
epithelium the eells are also hexagonal f but they are relatively tall 
and slender. Pseudostratified columnar epithelium eontains 
columnar cells f some of which possess cilia f and mucous (seereting) 
eells that appear stratified but are not. A transitional epithelium is 
eharaeterized by a mixture of what appears to be both cuboidal and 
squamous eells arranged to permit stretehing. fSee Figures 3.4 to 3.7.) 

Glandular Epithelia p. 54 

We elassify glands by the type of seeretion produced f the structure 
of the gland f and their mode of seeretion. (See Figures 3.8/3.9 and 
Spotlight Figure 3.10.) 

Exocrine seeretions are diseharged through ducts onto the skin 
or an epithelial surface that communicates with the exterior. 
Endoerine secretions f known as hormones, are released by gland 
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eells into the interstitial fluid surrounding the eell. 

Foundations 


Exocrine glands are elassified as serous (producing a watery solution 
usually eontaining enzymes) f mucous (producing a viscous f stieky 
mucus) f or mixed (producing both types of seeretions.) 

In epithelia that eontain seattered gland cells f the individual 
seeretory eells are ealled unicellular glands. Multicellular 

glands are glandular epithelia or aggregations of gland eells that 
produce exocrine or endoerine seeretions. (See Figures 3.813.9.) 

A glandular epithelial eell may release its seeretions through a eccrine f 
apocrine f or holoerine meehanism. (See Spotlight Figure 3.10.) 

In eeerine seeretion, the most eommon method of secretion f the 
product is released by exocytosis. Apoerine seeretion involves the loss 
of both seeretory product and some eytoplasm. Llnlike the other two 
methods f holoerine seeretion destroys the cell f which beeomes paeked 
with seeretory product before bursting. (5ee Spotlight Figure 3.10.) 


3.2 Connective Tissues p. 59 

All eonneetive tissues have three eomponents: speeialized eells, 
extracellular protein fibers f and ground substance. The eombination 
of protein fibers and ground substance forms the matrix of the tissue. 

Whereas epithelia eonsist almost entirely of cells f the extracellular 
matrix accounts for most of the volume of a eonneetive tissue. 
Therefore, eonneetive tissues f with the exception of adipose tissue f 
are identified by the eharaeteristies of the extracellular matrix. 

Connective tissue is an internal tissue with many important 
functions f including establishing a structural framework; 
transporting fluids and dissolved materials; proteeting delieate 
organs; supporting f surrounding f and intereonneeting tissues; storing 
energy reserves; and defending the body from mieroorganisms. 

dassifieation of Connective Tissnes p. 59 

Connective tissue proper refers to all eonneetive tissues that 
eontain varied eell populations and fiber types suspended in a 
viscous ground substance. (See Figure 3.11.) 

Fluid eonneetive tissues have a distinetive population of eells suspended 
in a watery ground substance eontaining dissolved proteins. Blood 
and lymph are examples of fluid eonneetive tissues. (5ee Figure 3.11.) 

Supporting eonneetive tissues have a less diverse eell population 
than eonneetive tissue proper. Additionally f they have a dense matrix 
that eontains elosely paeked fibers. The two types of supporting 
eonneetive tissues are eartilage and bone. (5ee Figure 3.11.) 


Gonneefive Tissue Proper p. 61 

Connective tissue proper is eomposed of extracellular fibers f a 
viscous ground substance f and two eategories of eells: fixed eells 
and vvandering eells. (5ee Figure 3.12 and Table 3.1.) 

There are three types of fibers in eonneetive tissue: eollagen fibers, 
reticular fibers, and elastie fibers. (5ee Figures 3.12/3.13/3.14.) 

Connective tissue proper includes loose and dense eonneetive 
tissues. There are three types of loose eonneetive tissues: areolar 
tissue, adipose tissue, and reticular tissue. Most of the volume 
of loose eonneetive tissue is ground substance f a viscous fluid 
that cushions shoeks. Most of the volume in dense eonneetive 
tissue eonsists of extracellular protein fibers. There are two types 
of dense eonneetive tissue: dense regular eonneetive tissue, 
in which fibers are parallel and aligned along lines of stress f and 
dense irregular eonneetive tissue, in which fibers form an 
interwoven meshwork. (See Figures 3.13/3.14.) 
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Fluid Connective Tissnes p. 65 

Blood and lymph are examples of fluid eonneetive tissues # eaeh 
with a distinetive eolleetion of eells in a watery matrix. Both blood 
and lymph eontain eells and many different types of dissolved 
proteins. fSee Figure 3.15.) 


Extracellular fluid includes the plasma of blood; the interstitial fluid 
within other eonneetive tissues and other tissue types; and lymph # 
which is eonfined to vessels of the lymphatie system. 

Siipporting Connective Tissnes p. 67 

Cartilage and bone are ealled supporting eonneetive tissues 
because they support the rest of the body. fSee Figures 3.16/3.17.) 

The matrix of eartilage is a firm gel that eontains ehondroitin 
sulfates. It is produced by immature eells ealled ehondroblasts 
and maintained by mature eells ealled ehondroeytes. A fibrous 
eovering ealled the periehondriiim separates eartilage from 
surrounding tissues. Cartilage grows by two different mechanisms # 
appositional growth (growth at the surface) and interstitial 
growth (growth from within). (See Figure 3.16). 

There are three types of eartilage: hyaline eartilage, elastie 
eartilage, and fibrous eartilage. (See Figure 3.17 and Table 3.2.) 

Bone (osseoe/s tissue) has a matrix eonsisting of eollagen fibers and 
calcium salts # giving it unique properties. (See Figure 3.18.) 

Osteoeytes in lacunae depend on diffusion through intercellular 
eonneetions or canaliculi for nutrient intake. (See Figure 3.18 and 
Table 3.2.) 

All bone surfaces except those inside joint eavities are eovered by 
a periosteum that has fibrous and cellular layers. The periosteum 
helps attaeh the bone to surrounding tissues # tendons # and 
ligaments # and it helps repair bone after an injury. 



Membranes p. 70 


Membranes form a barrier or interfaee. Epithelia and eonneetive 
tissues eombine to form membranes that eover and proteet other 
structures and tissues. There are four types of membranes: mucous # 
serous # cutaneous # and synovial. (See Figure 3.19.) 


Mucous Membranes p. 71 

Mucous membranes line passageways that communicate with 
the exterior # such as the digestive and respiratory traets. These 
surfaces are usually moistened by mucous seeretions. They eontain 
areolar tissue ealled the lamina propria. fSee Figure 3.19a.) 


Serous Membranes p. 71 

Serous membranes line internal eavities and are delicate # moist # 
and very permeable. Examples include the pleural, peritoneal, 
and perieardial membranes. Eaeh serous membrane forms a fluid 
ealled a transudate. (See Figure 3.19b.) 


The Cutaneous Membrane (SkinJ p. 72 

The cutaneous membrane, or skin, eovers the body surface. 
llnlike other membranes # it is relatively thick # waterproof # and 
usually dry. (See Figure 3.19c.) 


Synovial Membranes p. 72 

The synovial membrane, loeated within the eavity of synovial joints # 
produces synovial fluid that fills joint eavities. Synovial fluid helps 
lubricate the joint and promotes smooth movement. (See Figure 3.19d.) 


Embryonie Connective Tissi es p. 72 

All eonneetive tissues are derived from embryonie mesenehyme. 
fSee Figure 3.20.) 


3.4 The Connective Tissiie Framework 

of the Body p. 73 

All organ systems are intereonneeted by a network of eonneetive 
tissue proper that includes the superficial faseia (the 
subcutaneous layer or hypodermis, separating the skin from 
underlying tissues and organs) # the deep faseia (dense eonneetive 
tissue) # and the subserous faseia (the layer between the deep 
faseia and the serous membranes that line body eavities). fSee 
Figure 3.21.) 


3.5 MusdeTissue p. 74 

Muscle tissue eonsists primarily of eells that are speeialized for 
eontraetion. There are three different types of rrmsele tissue: skeletal 
muscle # eardiae muscle # and smooth muscle. (See Figure 3.22.) 

Skeletal Musde Tisstie p. 74 

Skeletal muscle tissue eontains large, eylindrieal muscle fibers 

intereonneeted by eollagen and elastie fibers. Skeletal muscle 
fibers have striations due to the organization of their eontraetile 
proteins. Because we ean eontrol the eontraetion of skeletal muscle 
fibers through the nervous system # skeletal muscle is elassified as 

striated voluntary muscle. Myosatellite eells divide to produce 
new muscle fibers. (See Figure 3.22a.) 

Cardiac Musde Tissne p. 74 

Cardiac muscle tissue is found only in the heart. It is eomposed 
of unicellular # branehed short eells. The nervous system does not 
provide voluntary eontrol over eardiae muscle eells; thus # eardiae 
muscle is striated involuntary muscle. (5ee Figure 3.22b.) 

Smooth Musde Tissue p. 74 

Smooth muscle tissue is eomposed of short # tapered eells 
eontaining a single nucleus. It is found in the walls of blood vessels # 
around hollow organs # and in layers around various traets. It is 

nonstriated involuntary muscle. Smooth muscle eells ean divide 
and therefore regenerate after injury. fSee Figure 3.22c.) 


3.6 Nervous Tissue p. 76 

Nervous tissue is speeialized to conduct eleetrieal impulses from 
one area of the body to another. 

Nervous tissue eonsists of two eell types: neurons and neuroglia. 
Neurons transmit information as eleetrieal impulses. There are 
different kinds of neuroglia; among their other functions # these 
eells provide a supporting framework for nervous tissue and play 
a role in providing nutrients to neurons. (See Figure 3.23.) 

Neurons have a eell body, or soma, that eontains a large 
prominent nucleus. Various branehing proeesses termed dendrites 
and a single axon or nerve fiber extend from the eell body. 
Dendrites reeeive ineoming messages; axons conduct messages 
toward other eells. (See Figure 3.23.) 

3.7 Tissues and Aging p. 76 

Tissues ehange with age. Repair and maintenanee grow less 
effieient, and the structure and ehemieal eomposition of many 
tissues are altered. 


3.8 Summary of Early Embryology p. 78 

Early embryology includes formation of tissues # development 
of epithelia # development of eonneetive tissues # and 
development of organ systems. fSee Embryology Summary 
illustrations on pp. 78-81.) 
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ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. skeletal muscle. . 

2. mast eell. . 

3. avascular. L_ 

4. transitional. . 

5. goblet eell. L_ 

6. eollagen . L_ 

7. eartilage. . 

8. simple epithelium. . 

9. ground substance. L_ 

10. holoerine seeretion. . 

a. all epithelia 

b. single eell layer 

e. urinary bladder 

d. eell destroyed 

e. eonneetive tissue eomponent 

f. onieelMar, exocrine gland 

g. tendon 

h. wandering eell 

i. Iacunae 

j. striated 

11. Label the following photomierographs with 
the proper identifying terms. 

■ skeletal muscle 

■ smooth muscle 

■ transitional epithelium 

■ tendon 

■ hyaline eartilage 




12. Which of the following refers to the dense 
eonneetive tissue that binds the capsules 
that surround many organs? 

(a) superfieial faseia 

(b) hypodermis 
(e) deep faseia 

(d) subserous faseia 

13. The reduction of frietion between the 
parietal and viseeral surfaces of an internal 
eavity is the function of 

(a) cutaneous membranes. 

(b) mucous membranes. 

(e) serous membranes. 

(d) synovial membranes. 

14. VVhieh of the following is not a eharaeteristie 
of epithelial eells? 

(a) They may eonsist of a single or multiple 
eell layers. 

(b) They always have a free surface exposed 
to the external environment or some 
inner ehamber or passageway. 

(e) They are avascular. 

(d) They eonsist of a few eells but have a 
large amount of extracellular material. 

15. Functions of eonneetive tissue include all of 
the following except 

(a) establishing a structural framework for 
the body. 

(b) transporting fluids and dissolved 
materials. 

(e) storing energy. 

(d) providing sensation. 

16. VVhat type of supporting tissue is found 

in the auricle of the ear and the tip of the 
nose? 

(a) bone 

(b) fibrous eartilage 

(e) elastie eartilage 

(d) hyaline eartilage 

17. An epithelium is eonneeted to underlying 
eonneetive tissue by 

(a) a basement membrane. 

(b) canaliculi. 

(e) stereoeilia. 

(d) proteoglyeans. 

18. VVhieh of the following are wandering eells 
found in eonneetive tissue proper? 

(a) fixed maerophages 

(b) mesenehymal eells and adipoeytes 

(e) fibroblasts and melanoeytes 

(d) eosinophils, neotrophils, and mast eells 

Level 2 Reviewing Concepts 

1. Compare and eontrast the role of a tissue in 
the body to that of a single eell. 

2. Compare and eontrast the functions of a 
tendon and a ligament. 

3. Compare and eontrast exocrine and 
endoerine seeretions. 


4. Analyze the signifieanee of the eilia on the 
respiratory epithelium. 

5. Compare a tendon to an aponeurosis. 

6. A layer of glyeoproteins and a network of 
fine protein filaments that perform limited 
functions together aet as a barrier that 
restriets the movement of proteins and 
other large molecules from the eonneetive 
tissue to epithelium. This deseription 
illustrates the structure and function of 

(a) interfaeial eanals. 

(b) the reticular lamina. 

(e) the basement membrane. 

(d) areolar tissue. 

7. Some eonneetive tissue eells respond to an 
injury or infeetion by dividing to produce 
daughter eells that differentiate into other 
eell types. This statement illustrates the 
behavior of which of the following eell types? 

(a) mast eells 

(b) fibroblasts 

(e) plasma eells 

(d) mesenehymal eells 

8. Analyze why pinehing the skin usually does 
not distort or damage the underlying muscles. 

9. Identify what stem eells are and analyze 
their functions. 

Level 3 Critical Thinking 

1. Analysis of a glandular seeretion 
indieates that it eontains some DNA, 

RNA, and membrane eomponents such as 
phospholipids. VVhat mode of seeretion is 
this? Explain your answer. 

2. Smoking destroys the eilia found on 
many eells of the respiratory epithelium. 
Formulate a hypothesis as to why this 
contributes to a "smoker's cough." 

3. Assess why eardiae muscle isehemia 
(inadequate blood supply) is more life- 
threatening than skeletal rrmsele isehemia. 
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CLINICAL CASE I WRAP-UP 

L__I_ A 


The Tallest in the Sehool 

Elijah exhibits the elassie signs and symptoms 
of Marfan syndrome, an inherited disorder of 
eonneetive tissue. A genetie mutation # inherited 
from his father, has caused abnormal elastie 
fibers in the eonneetive tissues throughout his 
body. The skeletal system shows the most visible 
signs of Marfan syndrome, including Elijah's 
height, slender build # and disproportionately 
long # slender limbs # fingers # and toes. The 
weakened eonneetive tissues making up his 
ligaments (which eonneet bone to bone) and 
tendons (which eonneet muscle to bone) result 
in "double-jointedness # " flat feet # pectus 
excavatum (sunken anterior chest) # and seoliosis. 
Even the eonneetive tissue holding the lenses in 
his eyes (see ehapter 18) is too weak to do the 
job effieiently. 

The most serious eomplieation of Elijah's 
Marfan syndrome involves his cardiovascular 
system. The weakened eonneetive tissue of his 
aorta (the large artery exiting the heart) and 
the aortie valve "stretehed out" (forming an 
aneurysm) during tryouts # resulting in sudden 
eardiae arrhythmia and Elijah's eollapse. Such a 
eardiae arrhythmia may have been what caused 
his father's premature death. 



à 




At the hospital, a eardiologist (heart 
doetor) preseribes medieations to slow 
Elijah's heart rate. He also discusses with 
Elijah and his family the possibility of 
surgical replaeement of Elijah's aorta and 
aortie valve. With proper exercise and 
follow-up # Elijah is expected to lead a 
good # long life. 

1. Deseribe how Marfan syndrome 
develops. 

2. What other types of eonneetive tissue 
would be affeeted by abnormal elastin? 

See the blue Ansvvers tab at the baek of the book. 



Related Oinieal Terms 


adhesions: Restrietive fibrous eonneetions 
that ean result from surgery # infeetion, or 
other injuries to serous membranes. 

angiogenesis: The growth of new blood 
vessels. 

aseites (a-Sl-téz): An accumulation of 

peritoneal fluid that ereates eharaeteristie 
abdominal swelling. 


effiision: The accumulation of fluid in body 
eavities. 

oneologists (ong-KOL-ò-jists): Physieians 
who speeialize in identifying and treating 
eaneers. 

pathologists (pa-THOL-ò-jists): Physieians 
who speeialize in the diagnosis of diseases # 
primarily from an examination of body 


fluids # tissue samples # and other anatomieal 
clues. 

periearditis: An inflammation of the 
pericardium. 

peritonitis: An inflammation of the 
peritoneum. 

pleuritis (pleurisy): An inflammation of the 
lining of the pleural eavities. 
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Learning Outcomes 



These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


4.1 


4.2 


4.3 


4.4 


4.5 


4.6 


4.7 


Explain the organization and functions of the 
integumentary system. p. 87 

Deseribe the histologieal organization of the 
layers of the epidermis and eompare and 
eontrast the functions of eaeh layer and any 
speeialized eells found within these layers. p. 88 

Deseribe the histologieal organization of the 
dermis and eompare and eontrast the functions 
of eaeh layer and any speeialized eells found 
within these layers. p. 92 

Analyze the structure of the subcutaneous 
layer (hypodermis) and its importanee. p. 94 

Compare and eontrast the anatomy and 
functions of the skin's aeeessory structures: hair, 
glands, and nails. p. 95 

Explain how the skin responds to injuries and 
repairs itself. p. 102 

Summarize the effeets of aging on the skin. p. 102 



Tm 






C AS E 



lesh-Eating Baeteria 


Martin, a 52-year-old with diabetes, has to regularly give himself insiilin 
injeetions to eontrol his blood sugar level. He hates the shots, and often he 
doesn't bother to first elean his skin with aleohol. One day while Martin is 
at work, a few hours after his last injeetion, his thigh begins throbbing with 
pain, and he feels feverish and nauseated. He heads to a bathroom, barely 
able to walk. 

In the bathroom, Martin steps into a stall and pulls down his pants. His 
right thigh is extremely tender, red, and swollen, and when he touches his 
thigh it makes a erinkling sound, as if there are gas bubbles beneath the skin. 
Suddenly, he feels dizzy and faints. 

A coworker hears the thump as Martin hits the floor. He ealls 911, and 
within minutes the EMTs are there. Martin's blood pressure is so low they are 
barely able to measure it; his pulse is rapid and weak. Because Martin's pants 
are down, they ean see the inflammation in his thigh. They start intravenous 
(IV) fIuids and transport him to the elosest emergeney room. 

Will Martin survive? To find out, turn to the Oinieal Case Wrap-Up on p. 106 

















THE INTEGIJMENTARY SYSTEM, or integument, is eomposed of the skin 
(cutaneous membrane) and its derivatives: hair, glands, and nails Figure 4.1 . 
The integmnent is probably our most elosely watched yet underappreciated organ 
system. We devote a lot of time to improving the appearanee of the integmnent 
and assoeiated structures: washing our faees, styling our hair, and trimming our 
nails, for instanee. 

The skin has more than a eosmetie role, however. Many people use the 
general appearanee of the skin to estimate other people’s overall health and 
age. Indeed, the skin mirrors the general health of other systems, and elinieians 
use its appearanee to deteet underlying disease; for example, liver disease results 
in ehanges to skin eolor. Your skin proteets you from the surrounding environ- 
ment; its reeeptors tell you a lot about the outside world; and it helps regulate 
your body temperature. You will learn several more important functions as we 
examine the functional anatomy of the integumentary system in this ehapter. 

4.1 Structure and Function of the 

lntegumentary System 

► KEY POINT The integument, which has numerous functions, has two major 
eomponents: the cutaneous membrane (skin) and the aeeessory structures (hair, 
nails, and several types of exocrine glands). 


The integument eovers the entire body surface, including the anterior surface 
of the eyes and the tympanie membrane (eardmm) at the boundary between 
the external and middle ear. At the nostrils and lips, anus, urethral open- 
ing, and vaginal opening, the integument turns inward, meeting the mucous 
membranes lining the respiratory, digestive, urinary, and reproductive traets, 
respeetively. The transition at these sites is seamless, and the epithelial defenses 
remain intaet and functional. 

The integument eontains all four primary tissue types: 

■ An epithelmm eovers its surface. 

■ Underlying eonneetive tissues make it strong and resilient. 

■ Smooth muscle tissue within the integmnent eontrols the diameters of the 
blood vessels and adjusts the positions of the hairs that projeet above the 
body surface. 

■ Nervous tissue eontrols these smooth muscles and monitors sensory reeep- 
tors that provide the sensations of touch, pressure, temperature, and pain. 

The integument has numerous functions, including physieal proteetion, 
regulation of body temperature, excretion, seeretion, nutrition (through vita- 
min D 3 synthesis), sensation, and immunity. gure 4.1 outlines its func- 
tional organization. 


Figure 4.1 Functional Organization of the lntegumentary System. Flowchart showing the 
relationships among the eomponents of the íntegumentary system. 


Integumentary System 


, FUNCTIONS . 


• Proteets from 
environmental hazards 


Synthesizes and stores 
lipids 


• Ooordinates immune 
response to pathogens 
and eaneers in skin 


• Senses information • Excretes 

• Synthesizes vitamin D 3 • Regulates body temperature 

(thermoregulation) 


r 

Cutaneous Membrane (Skin) 


r 

Epidermis 

- — i 


• Proteets dermis from 
trauma, ehemieals 

• Oontrols skin 
permeability, and 
prevents water loss 

• Prevents entry of 
pathogens 

• Synthesizes vitamin D 3 

• Sensory reeeptors 
deteet touch, pressure, 
pain, and temperature 



Dermis 


Papillary Layer 


—1 

Reticular Layer 


• Nourishes and 
supports 
epidermis 


• Restriets spread of 
pathogens penetrating 
epidermis 

• Stores lipids 

• Attaehes skin to deeper 
tissues 

• Sensory reeeptors 

deteet touch, pressure, pain, 
vibration, and temperature 

• Blood vessels assist in 
thermoregulation 
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The integumentary system has two major eomponents: the cutaneous mem- 
brane (skin) and the aeeessory structures. The skin is the largest organ of the 
body. It eonsists of the epidermis (epi-, above, + derma, skin)—the superficial 
epithelium—and the underlying eonneetive tissues of the dermis. Deep to the 
dermis, the loose eonneetive tissue of the subcutaneous layer, also known as the 
hypodermis or superficial faseia, separates the integument from the deep faseia 
around other organs, such as muscles and bones. tD p. 73 Although it is not usu- 
ally eonsidered part of the integument, we will eonsider the subcutaneous layer 
in this ehapter because of its extensive intereonneetions with the dermis. 

The aeeessory structures include hair, nails, and a variety of multicel- 
lular exocrine glands. These structures are loeated in the dermis and protmde 
through the epidermis to the surface. 

CONCEPT CHECK 

1 Explain how eaeh of the four different tissue types is a 
eomponent of the integumentary system. 

See the blue Ansvvers tab at the baek of the book. 

The Epidermis 

► KEY POINT The epidermis, the most superficial layer of the skin, is eomposed 
of a stratified squamous epithelium. 

The epidermis of the skin eonsists of a stratified squamous epithelium 
(Figure 4.2 . There are four eell types in the epidermis: keratinoeytes, mela- 
noeytes, Merkel eells, and Langerhans eells. Keratinoeytes (ke-RAT-i-NÓ-sTts) 


are the most numerous eells within the epidermis. Melanoeytes are the pig- 
ment-producing eells in the epidermis. Merkel eells have a role in deteeting 
sensation, and Langerhans eells (also termed dendritie eells) are wandering 
phagoeytie eells that are important in the body’s imrmme response. Melano- 
eytes, Merkel eells, and Langerhans eells are seattered among keratinoeytes. 

Layers of the Epidermis 

► KEY POINT From deep to superficial, the epidermal layers of thiek skin are 
the stratum basale, stratum spinosum, stratum granulosum, stratum lucidum, and 
stratum corneum. 

The epidermis of thiek skin has five layers. Beginning at the basal lamina and 
traveling superficially toward the epithelial surface, we find the stratum basale, 
stratum spinosum, stratum granulosum, stratum lucidum, and stratum eor- 
neum. Refer to gure 4.3 as we deseribe the layers in a seetion of thiek skin. 

Stratum Basale 

The deepest epidermal layer is the stratiim basale (STRÀ-tum BASA-le), or 
stratum germinativum (jer-mi-na-TÉ-vum). This single layer of eells is firmly 
attaehed to the basal lamina, which separates the epidermis from the loose 
eonneetive tissue of the adjaeent dermis. Large stem eells, termed basal eells, 
dominate the stratum basale. As basal eells undergo mitosis, new keratinoeytes 
are formed and move into the more superficial layers of the epidermis. This 
upward migration of eells replaees more superficial keratinoeytes that are shed 
at the epithelial surface. 

The brown tones of the skin result from the pigment-producing eells 
ealled melanoeytes. tD p. 62 Melanoeytes are seattered among the basal eells 




Figure 4.2 Major Components of the lntegumentary System. The epidermis is a keratinized 
stratified squamous epithelium that overlies the dermis, a eonneetive tissue region eontaining glands, 
hair follieles, and sensory reeeptors. Llnderlying the dermis ìs the subcutaneous layer, vvhieh eontains 
fat and blood vessels supplying the dermis. (Nails are not shovvn; see ure 4.1 .) 
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Figure 4.2 The Structure and Layers of the Epidermis. The light mierograph shows the five major 
stratified layers of epidermal eells in thiek skin. 



Epidermis of thiek skin LM x 225 


Surface 


Epidermis 


Characteristics 


Stratum corneum 


Contains multiple layers of flattened, dead, 

interloeking keratinoeytes 

Typieally is relatively dry 

Water resistant but not waterproof 

Permits slow water loss by insensible perspiration 



Stratum lucidum 


Appears as a glassy layer in thiek skin only 


Stratum granulosum • Keratinoeytes produce keratohyalin and keratin 

• Keratin fibers develop as eells beeome thinner 
and flatter 

• Gradually, the eell membranes thieken, the 
organelles disintegrate, and the eells die 


Stratum spinosum 


Keratinoeytes are bound together by maculae 
adherens attaehed to tonofibrils of the eytoskeleton 
Some keratinoeytes divide in this layer 
Langerhans eells and melanoeytes are often present 


Stratum basale 


Is the deepest, basal layer 
Attaehment to basal lamina 
Oontains epidermal basal (stem) eells, 
melanoeytes, and Merkel eells 


Basal lamina 



r 


L. 


of the stratiim basale. They have numerous eytoplasmie proeesses that injeet 
melanin—a blaek, yellow-brown, or brown pigment—into the basal eells in this 
layer and into the keratinoeytes of more superficial layers. The ratio of mela- 
noeytes to stem eells ranges between 1:4 and 1:20 depending on the region 
examined. Melanoeytes are most abundant in the eheeks, forehead, nipples, 
and genital region. 

Differenees in skin eolor result from varying levels of melanoeyte aetivity, 
not varying numbers of melanoeytes. Albinism is an inherited disorder ehar- 
aeterized by defieient melanin production; individuals with this eondition have 
a normal distribution of melanoeytes, but the eells eannot produce melanin. It 
affeets approximately one person in 10,000. 

Skin smfaees that laek hair eontain speeialized epithelial eells known as 
Merkel eells. These eells are found among the eells of the stratmn basale and 
are most abundant in skin where sensory pereeption is most acute, such as 
fingertips and lips. Merkel eells are sensitive to touch and, when eompressed, 
release ehemieals that stimulate sensory nerve endings, providing information 
about objeets touching the skin. (There are many other kinds of touch reeep- 
tors, but they are loeated in the dermis and will be introduced in later seetions.) 
Chapter 18 will deseribe all the integumentary reeeptors. 

Stratum Spinosum 

Eaeh time a basal eell divides, one of the daughter eells is pushed into the next, 
more superficial layer, the stratum spinosum. The stratum spinosum is sev- 
eral eells thiek. Eaeh keratinoeyte in the stratmn spinosmn eontains bundles 
of protein filaments that extend from one side of the eell to the other. These 
bundles, ealled tonofibrils, begin and end at a desmosome (maeiila adherens ) 
that eonneets the keratinoeyte to its neighbors. t) p. 42 The tonofibrils aet as 
eross braees, strengthening and supporting the eell junctions. This interloeking 


network of desmosomes and tonofibrils ties all the eells in the stratum spi- 
nosum together. Standard histologieal proeedmes, used to prepare tissue for 
mieroseopie examination, shrink the eytoplasm but leave its tonofibrils and 
desmosomes intaet. This makes the eells look like miniatme pincushions, 
which is why early histologists ealled this stratum the “spiny layer.” 

The deepest eells within the stratum spinosum are mitotieally aetive and 
continue to divide, making the epithelium thieker. Melanoeytes are eommon 
in this layer, as are Langerhans eells (also termed dendritie eells ), although you 
eannot see Langerhans eells in standard histologieal preparations. Langerhans 
eells, which account for 3-8 pereent of the eells in the epidermis, are most 
eommon in the superficial portion of the stratmn spinosmn. These eells play 
an important role in triggering an immune response against epidermal eaneer 
eells and pathogens that have penetrated the superficial layers of the epidermis. 

Stratiim Granulosum 

Superficial to the stratum spinosum is the stratum granulosum (granular 
layer). This is the most superficial layer of the epidermis in which all the eells 
still possess a nucleus. 

The stratum granulosum eonsists of keratinoeytes that have moved out of 
the stratum spinosum. By the time eells reaeh this layer, they have begun to 
manufacture large quantities of the proteins keratohyalin (ker-a-tò-Hl-a-lin) 
and keratin (KER-a-tin; keros, horn). Keratohyalin accumulates in eleetron- 
dense keratohyalin granules. These granules form an intracellular matrix 
that surrounds the keratin filaments. Cells of this layer also eontain mem- 
brane-bound granules that release their eontents by exocytosis, which forms 
sheets of a lipid-rieh substance that begins to eoat the eells of the stratum 
granulosum. In more superficial layers, this substance forms a eomplete water- 
resistant layer around the eells that proteets the epidermis, but also prevents the 


ehapter 4 The lntegumentary System 


89 


























diffusion of nutrients and wastes into and out of the eells. As a result, eells in 
the more superficial layers of the epidermis die. 

Environmental faetors often influence the rate at which keratinoeytes syn- 
thesize keratohyalin and keratin. inereased frietion against the skin, for exam- 
ple, stimulates inereased synthesis, thiekening the skin and forming a callus 
(also termed a clavus). 

In humans, keratin forms the basie structural eomponent of hair and nails. 
It is a very versatile material, however, and it also forms the claws of dogs and 
eats, the horns of eattle and rhinos, the feathers of birds, the seales of snakes, 
the baleen of whales, and a variety of other interesting epidermal structures. 

Stratum Lucidum 

In the thiek skin of the palms of the hands and soles of the feet, there is a 
glassy stratum liieidvim (elear layer) superficial to the stratum granulosum of 
the epidermis. The eells in this layer laek organelles and nuclei, are flattened 
and densely paeked, and are filled with keratin filaments that are oriented par- 
allel to the surface of the skin. The eells of the stratum lucidum do not stain 
well in standard histologieal preparations. 

Stratum Corneum 

The stratum corneum (KÓR-nè-um; cornu, horn) is the most superficial layer 
of both thiek and thin skin. It eonsists of numerous layers of flattened, dead 
eells that possess a thiekened plasma membrane. These dehydrated eells laek 
organelles and a nucleus, but still eontain many keratin filaments. Because the 
intereonneetions established in the stratum spinosum remain intaet, the eells 
of this layer are usually shed in large groups or sheets, rather than individually. 

An epithelium eontaining large amounts of keratin is termed a keratinized 
(KER-a-ti-nlzd), or eornified (KÓR-ni-fíd; cornu, horn, + faeere, to make), epi- 
thelium. Normally, the stratum corneum is relatively dry, which makes 
the surface unsuitable for the growth of many mieroorganisms. Maintenanee 


of this barrier involves eoating the surface with the seeretions of sebaceous 
and sweat glands (discussed in a later seetion). The proeess of keratinization 
occurs everywhere on exposed skin surfaces except over the anterior surface of 
the eyes. 

Although the stratum corneum is water resistant, it is not vvaterproof Water 
from the interstitial fluids slowly penetrates the surface and evaporates into the 
surrounding air. This proeess, ealled insensible perspiration, accounts for a loss 
of roughly 500 ml (about 1 pint) of water per day. 

It takes 15-30 days for a eell to move superficially from the stratum basale 
to the stratum corneum. The dead eells in the exposed stratum corneum layer 
usually remain for two weeks before they are shed or washed away. Thus, the 
deeper portions of the epithelimn—and all underlying tissues—are always pro- 
teeted by a barrier eomposed of dead, durable, and expendable eells. 

We ean appreeiate the proteetive role of the skin when an injury destroys 
large areas of it. For example, a seeond-degree (partial-thiekness) or third-de- 
gree (full-thickness) burn ean lead to absorption of toxic substances, loss of 
excess fluids, and infeetion at the site of the burn—medieal problems that 
result from the loss of the skin. 

Thin and Thiek Skin 

► KEY POINT The terms thin and thiek skin refer to the relative thiekness of the 
epidermis, not to the thiekness of the integiiment as a whole. 

Most of the body is eovered by thin skin, which has only four layers 
because the stratum lucidum is typieally absent. In thin skin, the epidermis 
is a mere 0.08 mm thiek, and the stratum corneum is only a few eell layers 
deep (Figure 4.4a,b). 

Thiek skin, found only on the palms of the hands and soles of the feet, 
eontains all five layers and may be eovered by 30 or more layers of keratinized 
eells. As a result, the epidermis in these loeations is up to six times thieker than 
the epidermis eovering the general body surface ure 4.4c). 


Figure 4.4 Thin and Thiek Skin. The epidermis is a stratified squamous epithelium that varies in 
thiekness. 
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The basie organization of the epidermis. 
The thiekness of the epidermis, espeeially 
the stratum corneum, ehanges depending 
on the loeation sampled. 



Thin skin eovers most of the exposed 
body surface. (During seetioning the 
stratum corneum has pulled away 
from the rest of the epidermis.) 



Thiek skin eovers the surfaces 
of the palms and soles. 
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TIPS & TOOLS 


Skin Color 


Remembering the names of the epidermal layers 
of thiek skin 

A mnemonie to help you remember the names of the epidermal layers of 
thiek skin, from deep to superficial, is “Brent Spiner gained Lieutenant 
Commander ,> (basale, spinosum, granulosum, lucidum, corneum). 


Dermal Ridges 

► KEY POINT Dermal ridges form frietion ridges, ensuring a secure grip on objeets. 

Dermal ridges also form fingerprints, a unique genetie identifier of an individual. 

The stratum basale of the epidermis forms dermal ridges (also known as frie- 
tion ridges ) that extend into the dermis, inereasing the area of eontaet between 
the two regions. Projeetions from the dermis toward the epidermis, ealled 
dermal papillae (singular, papilla; “nipple-shaped mound”), extend between 
adjaeent ridges gure 4.4a,ci . 

The contours of the skin surface follow the ridge patterns, which vary from 
small eonieal pegs (in thin skin) to the complex whorls seen on the thiek skin 
of the palms and soles. Ridges on the palms and soles inerease the surface area 
of the skin and promote frietion, ensuring a secure grip. 

Ridge shapes are genetieally determined: Those of eaeh person are unique and 
do not ehange during a lifetime. Ridge patterns on the fingertips gure 4.5) 
ean therefore identify individuals, and eriminal investigators have used finger- 
prints for this purpose for over a century. 


Figure 4.Í The Epidermal Ridges of Thiek Skin. Fingerprints reveal 
the pattern of epidermal ridges in thiek skin. This seanning eleetron 
mierograph shovvs the ridges on a fingertip. 



Pores of sweat 
gland ducts 

Epidermal 


► KEY POINT Faetors affeeting skin eolor include dermal blood supply and the 
amounts of epidermal pigments that are present. 

The eolor of the epidermis is due to a eombination of faetors: circulation in 
the dermis and variable quantities of two epidermal pigments, earotene and 
melanin. 

Dermal Blood Supply 

Blood eontains red blood eells that earry the protein hemoglobin. When 
hemoglobin is bound to oxygen, it has a bright red eolor, giving blood vessels 
in the dermis a reddish tint that is most visible in fair-skinned people. When 
those vessels dilate, as during inflammation, the red tones beeome much more 
pronounced. 

When circulation in the dermis is temporarily reduced, the skin beeomes 
relatively pale. A frightened Caucasian may “turn white” because of a sudden 
drop in blood flow to the skin. 

During a sustained reduction in oxygen eontent in the blood, hemoglobin 
beeomes a darker red. Seen from the surface, the skin takes on a bluish eolor- 
ation ealled eyanosis (sT-a-NÓ-sis; kyanos, blue). In people of any skin eolor, 
eyanosis is most apparent in areas of thin skin, such as the lips or beneath the 
nails. It ean be a response to extreme eold or the result of circulatory or respira- 
tory disorders, such as heart failure or severe asthma. 

Epidermal Pigments 

Two pigments determine skin eolor: earotene and melanin. 

Carotene (KAR-ò-ten) is an orange-yellow pigment also found in 
various orange- or yellow-colored vegetables, such as earrots, eorn, and 
squashes. It ean be eonverted to vitamin A, which is required for epithe- 
lial maintenanee and the synthesis of photoreeeptor pigments in the eye. 
Carotene normally accumulates in the subcutaneous fat as well as inside 
keratinoeytes, beeoming espeeially evident in the dehydrated eells of the 
stratum corneum. 

Melanin (MEL-a-nin) is produced and stored in melanoeytes of thin 
skin, and the amount produced is genetieally determined gure 4.6] . 
The blaek, yellow-brown, or brown melanin forms in intracellular vesieles 
ealled melanosomes. These vesieles, which are transferred to keratino- 
eytes, eolor the keratinoeytes temporarily, until lysosomes destroy the mel- 
anosomes. As a result, the eells in more superficial layers of the epidermis 
have less melanin, and therefore are lighter in eolor, than eells within the 
deeper layers of the epithelium. In light-skinned individuals, melanosome 
transfer occurs in the stratum basale and stratum spinosum, and the eells 
of more superficial layers lose their pigmentation. In dark-skinned indi- 
viduals, the melanosomes are larger and the transfer may occur in the 
stratum granulosum as well, making the pigmentation darker and more 
persistent. 

Little or no melanin is produced in the thiek skin of the palms of the 
hands and soles of the feet. Melanin produced in thiek skin is difficult to see 
because of the thiekness of the stratum corneum. 

Melanin pigments help proteet the underlying dermis and also pre- 
vent skin damage by absorbing ultraviolet (UV) radiation in sunlight. 
A little ultraviolet radiation is neeessary because the skin requires it to 
form vitamin D.* The small intestine needs vitamin D to absorb calcium 
and phosphorus; inadequate vitamin D impairs bone maintenanee and 
growth. However, too much UV radiation may damage ehromosomes and 


*Specifically, vitamin D 3 , or eholeealeiferol, which undergoes further modifieation in the liver and 
kidneys before circulating as the aetive hormone ealeitriol. 
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Figure 4.6 Melanoeytes. The mierograph and aeeompanying drawing 
indieate the loeation and orientation of melanoeytes in the stratiim basale 
of a dark-skinned person. 


i 






LM X 600 


Thin skin 


This mierograph indieates the 
loeation and orientation of 
melanoeytes in the stratum 
basale of a dark-skinned person. 
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Melanoeytes produce and store melanin. 


cause widespread tissue damage similar to that caused by mild to mod- 
erate burns. Within eaeh keratinoeyte, the melanosomes are most abun- 
dant around the eell’s nucleus, helping absorb the UV radiation before it 
ean damage the nuclear DNA. 

Melanoeytes respond to UV exposure by synthesizing and transferring more 
melanin. The skin “tans,” but this response is not quick enough to prevent a 
sunburn on the first day at the beaeh; it takes about 10 days. Anyone ean get 
a sunburn, but dark-skinned individuals have greater initial proteetion against 
the effeets of UV radiation. Repeated UV exposure sufficient to stimulate tan- 
ning will result in long-term skin damage in the dermis and epidermis. In the 
dermis, damage to fibroeytes causes abnormal eonneetive tissue structure and 
premature wrinkling. In the epidermis, ehromosomal damage in basal eells or 
melanoeytes ean lead to skin eaneer. 



CONCEPT CHECK 

2 As you piek up a pieee of limnber, a splinter pierees the 
palm of your hand and lodges in the third layer of the 
epidermis. Identify this layer. 

3 What is keratinization? What are the stages of this 
proeess? 

4 Identify the sources of the eolor of the epidermis. 

5 Deseribe the relationship betvveen epidermal ridges 
and dermal papillae. 


See the blue Ansvvers tab at the baek of the book. 


4.3 The Dermis 

► KEY POINT The dermis, which is immediately deep to the epidermis, eonsists 
of loose eonneetive tissue above a dense network of eonneetive tissue fibers. 

Deep to the epidermis is the dermis (Figure 4.1 , p. 88). The dermis has two 
major parts: a superficial papillary layer and a deeper reticular layer. 

Dermal Organization 

► KEY POINT The two layers of the dermis are the superficial papillary layer 
and the deeper reticular layer. 

The papillary layer, the superficial layer of the dermis, eonsists of loose eon- 
neetive tissue gure 4.7a] . This region is speeialized to provide meehanieal 
attaehment for the more superficial epidermis. It also eontains eapillaries and 
axons of neurons. Capillaries are branehing blood vessels that supply the epi- 
dermis, and axons of sensory neurons monitor epidermal reeeptors. The pap- 
illary layer gets its name from the dermal papillae that projeet between the 
epidermal ridges ( igure 4.4, p. 90). 

The deeper reticular layer eonsists of fibers in an interwoven meshwork 
of dense irregular eonneetive tissue that surrounds blood vessels, hair follieles, 
nerves, sweat glands, and sebaceous glands igure 4.7b . Its name eomes from 
the interwoven arrangement of eollagen fiber bundles in this region ( reticulum , 
a little net). Some of the eollagen fibers in the reticular layer extend into the 
papillary layer, tying the two layers together; therefore, the boundary between 
these layers is not elear. Collagen fibers of the reticular layer also extend into 
the deeper subcutaneous layer ure 4.7c). The arrangement of these eon- 
neetive tissue fibers in the reticular layer is responsible for the strength, tough- 
ness and elastieity of the skin. 

VVrÌnkles, Streteh Marks, and Tension Lines 

The interwoven eollagen fibers of the reticular layer provide eonsiderable ten- 
sion, and the extensive array of elastie fibers enables the dermis to streteh and 
reeoil repeatedly during normal movements. Age, hormones, and the destrne- 
tive effeets of ultraviolet radiation reduce the thiekness and flexibility of the 
dermis, producing wrinkles and sagging skin. 

Tretinoin (Retin-A) is a derivative of vitamin A that ean be applied to the 
skin as a eream or gel. This drug was originally developed to treat aene, but 
it also inereases blood flow to the dermis and stimulates dermal repairs. As a 
result, the rate of wrinkle formation deereases, and existing wrinkles beeome 
smaller. The degree of improvement varies from individual to individual. 

Extensive distortion of the dermis over the abdomen, such as during preg- 
naney or after a substantial weight gain, often exceeds the elastie eapabilities 
of the skin. Elastie and eollagen fibers break, and although the skin stretehes, it 
does not reeoil to its original size after delivery or a rigorous diet. The skin then 
wrinkles and ereases, ereating a network of streteh marks. 
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Figure 4.‘ The Structure of the Dermis and the Subcutaneous Layer. The dermis is a eonneetive 
tissue layer deep to the epidermis; the subcutaneous layer (superfieial faseia) is a eonneetive tissue 
layer deep to the dermis. 
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The reticular layer of the dermis eontains 
dense irregular eonneetive tissue. 



Papillary layer of dermis 


SEM X 20 



The papillary layer of the dermis eontains 
loose eonneetive tissue with numerous 
blood vessels (not visible), fibers (Fi), and 
maerophages (not visible). Open spaees, 
such as that marked with an asterisk, are 
filled with fluid ground substance. 
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The subcutaneous layer eontains large 
numbers of adipoeytes in a framework of 
loose eonneetive tissue fibers. 
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At any one loeation, most of the eollagen and elastie fibers are arranged 
in parallel bundles. The orientation of these bundles depends on the stress 
plaeed on the skin during normal movement; the bundles are aligned to 
resist the applied forees. The resulting pattern of fiber bundles establishes the 
tension lines (also termed eleavage lines ) of the skin gure 4.8] . Tension 
lines are elinieally signifieant because a cut parallel to a tension line will usu- 
ally remain elosed, whereas a cut at right angles to a tension line will pull 
open as cut elastie fibers reeoil. When possible, surgeons ehoose their ineision 
patterns aeeordingly, sinee an ineision parallel to the tension lines will heal 
fastest with minimal searring. 

Other Dermal Components 

► KEY POINT The dermis eontains eonneetive tissue eells, eonneetive tissue fib- 
ers, aeeessory structures, blood vessels, lymphatie vessels, and nerves. 


In addition to extracellular protein fibers, the dermis eontains all the eells of 
eonneetive tissue proper. Aeeessory organs of epidermal origin, such as hair fol- 
lieles and sweat glands, extend into the dermis Figure 4.9] . In addition, the 
reticular and papillary layers of the dermis eontain networks of blood vessels, 
lymph vessels, and nerve fibers ( : igure 4.2, p. 88). 

Blood Supply to the Skin 

Arteries and veins supplying the skin form an intereonneeted network at the 
junction between the reticular layer of the dermis and the subcutaneous layer. 
This network is ealled the cutaneous plexus gure 4.2 . Branehes of the 
arteries supply the adipose tissue of the subcutaneous layer as well as more 
superficial tissues of the skin. As small arteries travel toward the epidermis, 
branehes supply the hair follieles, sweat glands, and other structures in the 
dermis. 
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CLINICAL NOTE 


Figure 4.8 Tension Lines of the Skin. Tension lines refleet the 
orientation of eollagen fiber bundles in the dermis of the skin. 




Skin Cancer 


Skin eaneer, the abnormal grovvth of skin eells, is often 
caused by exposure to UV radiation, primarily sunlight. 

Basal eell eareinoma originates in the stratum basale. This is 
the most eommon skin eaneer and the slovvest grovving, and it most 
often arises in areas that reeeive UV exposure. Although basal eell 
eareinomas almost never metastasize, they should be treated quickly 
to preventloeal spread. 



Squamous eell eareinoma 


Squamous eell eareinoma, the seeond most eommon skin 
eaneer, is an uncontrolled grovvth of abnormal squamous eells in the 
epidermis. They most often occur in UV-exposed areas of skin, but 
tobaeeo ean also be a trigger. They ean metastasize to tissues, bones, 
and nearby lymph nodes, and they often cause loeal disfigurement. 

Malignant melanoma develops in melanoeytes in the basal 
layer. These cancerous melanoeytes multiply rapidly and metastasize 
to distant sites. Malignant melanomas cause the most deaths from 
skin eaneer. 

v_ ) 


Upon reaehing the papillary layer, these small arteries enter another 
branehing network, the subpapillary plexus. From there, eapillary loops follow 
the contours of the epidermal-dermal boundary ‘igure 4.7a). These eapillar- 
ies empty into a network of delieate veins that rejoin the papillary plexus. From 
there, larger veins drain into a network of veins in the deeper cutaneous plexus. 

Circulation to the skin must be tightly regulated. Skin plays a key role in 
thermoregulation, the eontrol of body temperature. When body tempera- 
ture inereases, inereased circulation to the skin permits the loss of excess heat. 
When body temperature deereases, reduced circulation to the skin promotes 
retention of body heat. 

Total blood volume in the body is relatively eonstant. Thus, inereased blood 
flow to the skin means a deereased blood flow to some other organ(s). The 
nervous, cardiovascular, and endoerine systems interaet to regulate blood flow 
to the skin while maintaining adequate blood flow to other organs and systems. 

Nerve Supply to the Skin 

Nerve fibers in the skin eontrol blood flow, adjust gland seeretion rates, and 
monitor sensory reeeptors in the dermis and the deeper layers of the epidermis. 
We have already noted the presenee of Merkel eells in the deeper layers of the 



ANTERIOR POSTERIOR 


epidermis. These eells are touch reeeptors monitored by sensory nerve endings 
known as taetile dises. The epidermis also eontains sensory nerves that are 
believed to respond to pain and temperature. The dermis eontains similar reeep- 
tors as well as other, more speeialized reeeptors. In ehapter 18 we will discuss 
reeeptors that are sensitive to light touch, streteh, deep pressure, and vibration. 



CONCEPT CHECK 

6 What is the relationship betvveen the eollagen 
bundles of the dermis and the tension lines 

of the skin? 

7 Explain the anatomy of the cutaneous plexus. 


5ee the blue Ansvvers tab at the baek of the book. 



The Subcutaneous Layer 


► KEY POINT The subcutaneous layer; eomposed of loose eonneetive tissue 
vvith many adipoeytes, stabilizes the integument. 


The eonneetive tissue fibers of the reticular layer are extensively interwoven 
with those of the subcutaneous layer. The boundary between the two layers is 
usually indistinet ( gure 4d , p. 88). Although the subcutaneous layer is not 
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Figure 4.9 Aeeessory Structures of the Skin. 
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A light mierograph showing the seetional appearanee of the 
skin of the sealp. Note the abundance of hair follieles and the 
way they extend into the dermis and hypodermis. 


usually eonsidered part of the integument, it is important in stabilizing the 
position of the skin in relation to underlying tissues, such as skeletal muscles or 
other organs, while still permitting independent movement. 

The subcutaneous layer eonsists of loose eonneetive tissue with abundant 
adipoeytes gure 4.7c' . Infants and small ehildren usually have extensive 
“baby fat,” which helps reduce heat loss. Subcutaneous fat also serves as an 
energy reserve and shoek absorber for the rough-and-tumble aetivities of our 
early years. 

As we grow, the distribution of subcutaneous fat ehanges. Men accumu- 
late subcutaneous fat in the neek, upper arms, lower baek, and over the but- 
toeks; women store it primarily in the breasts, buttocks, hips, and thighs. In 
adults of either sex, the subcutaneous layer of the baeks of the hands and the 
upper surfaces of the feet eontain few adipoeytes, whereas distressing amounts 
of adipose tissue ean accumulate in the abdominal region, producing a prom- 
inent “pot belly.” 

The subcutaneous layer is quite elastie. Only its superficial region eontains 
large arteries and veins; the remaining areas eontain a limited number of eapil- 
laries and no vital organs. This last eharaeteristie makes subcutaneous injeetion 
a useful method for administering drugs. The familiar term hypodermie needle 
refers to the region (the hypodermis) targeted for injeetion. 



CONCEPT CHECK 

8 What is one function of the subcutaneous layer? 


5ee the blue Ansvvers tab at the baek of the book. 


4.5 Aeeessory Stmetiires 

► KEY POINT The aeeessory structures of the skin include hair follieles, seba- 
ceous glands, sweat glands, and nails. 

Reeall that, in addition to the skin, the integmnent eonsists of several aeeessory 
structures: hair follieles, sebaceous glands, sweat glands, and nails ( gure 4.Í , 
p. 88). During embryologieal development, these structures form through invag- 
ination (infolding) of the epidermis. 

Hair Follides and Hair 

► KEY POINT Hair and hair follieles develop from the epidermis, extend 
deep into the dermis and subcutaneous layer, and proteet the body in a vari- 
ety of ways. 

Hairs projeet beyond the surface of the skin almost everywhere except the 
sides and soles of the feet, the palms of the hands, the sides of the fingers and 
toes, the lips, and portions of the external genitalia.* There are about 5 million 
hairs on the human body, and 98 pereent of them are on the general body 
surface, not the head. Hairs are nonliving structures that form in organs ealled 
hair follieles. 


*External genitalia include the glans penis and prepuce in the male and the elitoris, labia minora, 
and inner surfaces of the labia majora in the female. 
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Hair Prodiietion 

Hair follieles extend deep into the dermis, often projeeting into the underlying 
subcutaneous layer. The epithelium at the folliele base surrounds a small 
hair papilla, a peg of eonneetive tissue eontaining eapillaries and nerves. The 

I hair bulb eonsists of epithelial eells that surround the papilla. 

Hair production involves a speeialized keratinization proeess. The hair 
matrix is the epithelial layer involved in hair production. VVhen the superficial 
basal eells divide, they produce daughter eells that are pushed toward the sur- 
faee as part of the developing hair. 

Most hairs have an inner medulla and an outer cortex. The mednlla eontains 
relatively soft and flexible soft keratin. Matrix eells eloser to the edge of the develop- 
ing hair form the relatively hard cortex igures 4.9b and 4.10] . The cortex eon- 
tains hard keratin, which gives hair its stiffness. A single layer of dead, keratinized 
eells at the outer surface of the hair overlap and form the cuticle that eoats the hair. 

The hair root anehors the hair into the skin. The root begins at the 
hair bulb and extends distally to the point where the internal organization of 
the hair is eomplete, about halfway to the skin surface. The hair shaft extends 
from this halfway point to the skin surface, where we see the exposed hair tip. 
The size, shape, and eolor of the hair shaft are highly variable. 

Follide Structure 

Beginning at the hair cuticle and moving outward, the eells of the folliele walls 
are organized into the following three eoneentrie layers ure 4.1 Oa : 

■ Internal root sheath: This layer is produced by eells at the periphery of 
the hair matrix. 

■ External root sheath: This layer includes all the eell layers found in the 
superficial epidermis. However, where the external root sheath joins the 
hair matrix, all the eells resemble those of the stratum basale. 

■ Glassy membrane: This layer is a thiekened, speeialized basal lamina. 

Functions of Hair 

The 5 million hairs on the human body have important functions. The roughly 
100,000 hairs on the head proteet the sealp from ultraviolet light and bumps to 
the head and insulate the skull. The hairs guarding the entranees to our nostrils 
and external auditory eanals help bloek foreign partieles and inseets, and eye- 
lashes perform a similar function for the surface of the eye. A root hair plexus 
of sensory nerves surrounds the base of eaeh hair folliele g ure 4.10a]. As a 
result, we ean feel the movement of even a single hair. This sensitivity gives an 
early-warning system that may help prevent injury. For example, you may be 
able to swat a mosquito before it reaehes your skin. 

A ribbon of smooth muscle, the arreetor pili (a-REK-tor PÍ-IT) muscle, 
extends from the papillary layer of the dermis to the eonneetive tissue sheath 
surrounding the hair folliele gures 4.9 and 4.10a). When stimulated, the 
arreetor pili muscle pulls on the folliele and raises the hair. Contraction may 
be due to emotional state, such as fear or rage, or to eold temperatures that 
produce eharaeteristie “goose bumps. ,> In a furry mammal, this aetion thiekens 
the insulating eoat, rather like putting on an extra sweater. Although we do not 
reeeive any eomparable insulating benefits, the reflex persists. 

Types of Hairs 

Hairs first appear after about three months of embryonie development. These 
hairs, eolleetively known as lamigo (la-NU-gò), are extremely fine and unpig- 
mented. Most lanugo hairs are shed before birth. 

The two types of hairs in the adult integument are vellus hairs and terminal hairs: 

■ Vellus hairs are the fine “peaeh fuzz” hairs found over much of the body 
surface. 


■ Terminal hairs are heavy, more deeply pigmented, and sometimes curly. The 
hairs on your head, including your eyebrows and eyelashes, are terminal hairs. 

The hair structure we deseribed earlier in the ehapter was that of terminal 
hairs. Vellus hair is similar, though it does not have a distinet medulla. Hair 
follieles may alter the structure of the hairs they produce in response to circu- 
lating hormones. 

Hair Color 

Variations in hair eolor refleet differenees in hair structure and in the pigment 
produced by melanoeytes at the papilla. These eharaeteristies are genetieally deter- 
mined, although hormonal or environmental faetors may influence the eondition 
of your hair. Whether your hair is blaek or brown depends on the density of mela- 
nin in your cortex. Red hair results from a bioehemieally distinet form of melanin. 

As pigment production deereases with age, hair eolor lightens toward gray. 
White hair results from the eombination of a laek of pigment and the presenee 
of air bubbles within the medulla of the hair shaft. Because the hair itself is 
dead and inert, ehanges in eoloration are gradual; your hair ean't “turn white 
overnight,” as some horror stories suggest. 

Growth and Replaeement of Hair 

A hair in the sealp grows for two to five years, at a rate of around 0.33 mm/ 
day (about 1/64 ineh). Variations in hair growth rate and the duration of the 
hair growth eyele account for individual differenees in uncut hair length 

(Figure 4.11). 

While a hair is growing, its root is firmly attaehed to the matrix of the 
folliele. At the end of the growth eyele, the folliele beeomes inaetive, and the 
hair is termed a club hair. The folliele shrinks, and over time the eonnee- 
tions between the hair matrix and the root of the club hair break down. When 
another growth eyele begins, the folliele produces a new hair, and the old club 
hair is pushed toward the surface. 

A healthy adult loses about 50-100 head hairs eaeh day, but several faetors 
may affeet this rate. Sustained losses of more than 100 hairs per day usually 
indieate that something is wrong. Temporary inereases in hair loss ean result 
from drugs, dietary faetors, radiation, high fever, stress, or hormonal faetors 
related to pregnaney. 

In males, ehanges in the level of the sex hormones circulating in the blood 
ean affeet the sealp, causing a shift from terminal hair to vellus hair produc- 
tion. This result of this alteration is ealled male pattern baldness. 

Glands in the Skin 

► KEY POINT Sebaceous glands and sweat glands are the two types of exocrine 
glands found within the skin. 

Glands are another aeeessory structure of the integument. The skin eontains 
two types of exocrine glands: sebaceous glands and sweat ( sudoriferous ) glands. 
Figyre 4.1 summarizes their functional elassifieation. 

Sebaceous Glands 

Sebaceous (se-BÀ-shus) glands, or oil glands, produce a waxy, oily lipid that 
eoats hair shafts and the epidermis ure 4.13). The gland eells man- 
ufacture large quantities of lipids as they mature, and the lipid product is 
released through holoerine seeretion, a proeess that involves the rupture of 
the seeretory eell. tD p. 60 The ducts are short, and several sebaceous glands 
may open into a single folliele. Depending on whether the glands share a 
eommon duct, they may be simple alveolar glands (eaeh gland has its own 
duct) or simple branehed alveolar glands (several glands empty into a single 
duct). *D pp. 58-59 
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Figure 4.10 Hair Follieles. Hairs originate in hair follieles, which are complex organs. 



Hair Structure 

The medulla, or eore, 
of the hair eontains a 
flexible soft keratin. 

The cortex eontains thiek 
layers of hard keratin, which 
give the hair its stiffness. 

The cuticle is thin and 
very tough, and it 
eontains hard keratin. 


Connective 
tissue sheath 
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Folliele Structure 


The internal root sheath surrounds 
the hair root and the deeper portion 
of the shaft. The eells of this sheath 
disintegrate quickly, and this layer 
does not extend the entire length of 
the hair folliele. 


The external root sheath extends 
from the skin surface to the hair 
matrix. 


The glassy membrane is a 

thiekened, elear layer eomposed 
of a speeialized basal lamina. 
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Figure 4.1 The Hair Growth Cycle. Eaeh hair folliele goes through growth eyeles involving aetive 
and resting stages. 









VVhen folliele 
reaetivation occurs, 
the club hair is lost 
and the hair matrix 
begins producing a 
replaeement hair. 


The folliele then 
begins to undergo 
regression and 
transitions to the 
resting phase. 


During the resting phase the 
hair loses its attaehment to 
the folliele and beeomes a 


club hair. 


The aetive phase lasts two 
to five years. During the 
aetive phase the hair grows 
continuously at a rate of 
approximately 0.33 mm/day. 



The lipids released by sebaceous gland eells enter the open passageway, or 
lumen, of the gland. The arreetor pili muscle that elevates the hair eontraets 
and squeezes the sebaceous gland, foreing its waxy seeretions, ealled sebum 
(SÉ-bum), into the folliele and onto the surface of the skin. Keratin is a tough 
protein, but dead, keratinized eells beeome dry and brittle onee exposed to the 
environment. Sebum lubricates and proteets the keratin of the hair shaft, eon- 
ditions the surrounding skin, and inhibits the growth of baeteria. Shampooing 
removes this natural oily eoating, and excessive washing ean make hairs stiff 
and brittle. Conditioners reduce structural damage by rehydrating and eoating 
the hair shaft. 

Sebaceous follieles are large sebaceous glands that communicate direetly 
with the epidermis. These follieles, which never produce hairs, are found on 
the integument eovering the faee, baek, ehest, nipples, and external genita- 
lia. Although sebum has baeterieidal (baeteria-killing) properties, under some 
eonditions baeteria ean invade sebaceous glands or follieles. The presenee 
of baeteria in glands or follieles ean produce loeal inflammation known as 
folliculitis (fo-lik-u-Ll-tis). If the duct of the gland beeomes bloeked, a dis- 
tinetive abseess ealled a furuncle (FU-rung-kel), or << boil, ,> develops. The 
usual treatment for a furuncle is to cut it open, or << lance ,> it, so that normal 
drainage and healing ean occur. 

Sweat Glands 

Sweat glands produce a watery solution and perform other speeial functions. 
The skin eontains two groups of sweat glands: apoerine sweat glands and 
eeerine sweat glands ures 4.1 and 4.14) . 

Both apoerine and eeerine sweat glands eontain myoepithelial eells (myo-, 
muscle), speeialized epithelial eells loeated between the gland eells and the 
underlying basal lamina. Myoepithelial eell eontraetions squeeze the gland and 
diseharge the accumulated seeretions. The autonomic nervous system and circu- 
lating hormones eontrol the seeretory aetivities of the gland eells and the eontrae- 
tions of myoepithelial eells. 



CLINICAL NOTE 


Aene and Seborrheie Dermatitis 


Sebaceous glands and follieles are sensitive to the ehanges in 
sex hormones that occur during puberty. Sebaceous ducts of 
the face # baek, and ehest ean beeome bloeked, allowing seeretions 
and dead skin eells to accumulate. This is a fertile environment for 
inflammation and baeterial infeetion, known as aene. 

Seborrheie dermatitis is an inflammatory eondition of abnor- 
mally aetive sebaceous glands, usually involving the sealp, eyebrows # 
or beard. The affeeted area beeomes red with epidermal sealing. In 
adults; this eondition is known as dandruff; in ehildren, it is eommonly 
known as eradle eap. 
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Figure 4.1 A Oassifieation of Exocrine Glands in the Skin. Relationship of sebaceous glands and 
svveat glands and some eharaeteristies and functions of their seeretions. 


Exocrine Glands 


• Assist in thermoregulation 

• Excrete wastes 

• Lubricate epidermis 



Sebaceous Glands 


• Seerete oily lipid (sebum) that 
eoats hair shaft and epidermis 

• Lubricate epidermis 

• Inhibit baeterial growth 


\ / 


Typieal Sebaceous Glands I Sebaceous Follieles 


Seerete into hair follieles Seerete onto skin surface 
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Apoerine Sweat Glands Sweat glands that release their seeretions 
into hair follieles in the axillae ( armpits ), aroimd the nipples ( areolae ), and 
in the groin are apoerine sweat glands ígures 4.1 and 4.14a' . They 
were originally named apoerine because seientists thought their eells used 
an apoerine method of seeretion. t) p. 60 Although we now know that they 
release their products through eeerine seeretion, the name has not ehanged. 

Apoerine sweat glands are eoiled tubular glands that produce a viscous, 
cloudy, and potentially odorous seeretion. They begin seereting at puberty. This 
sweat is a nutrient source for baeteria, whose grovvth and breakdown intensify the 
odor, which may be masked by deodorants. Apoerine gland seeretions may also 
eontain pheromones, ehemieals that communicate information to other individ- 
uals at a subconscious level. The apoerine seeretions of mature women have been 
shown to alter the menstmal timing of other women. The signifieanee of these 
pheromones, and the role of apoerine seeretions in males, remains unknown. 


Eeerine Sweat Glands Far more numerous and widely distributed than 
apoerine sweat glands are eeerine (EK-rin) sweat glands, also known as 
meroerine svveat glands lgures 4.1 and 4.14b] . The adult integument 
eontains around 3 million eeerine glands. They are smaller than apoerine 
sweat glands, and they do not extend as far into the dermis. Palms and soles 
have the highest numbers; the palm of your hand has about 500 glands per 
square eentimeter (3000 glands per square ineh). Eeerine sweat glands are 
eoiled tubular glands that diseharge their seeretions direetly onto the surface 
of the skin. 

Eeerine glands produce a elear seeretion ealled sweat, or sensible 
perspiration. Sweat is 99 pereent water, but it does eontain eleetrolytes 
(mainly sodium ehloride, which gives sweat its salty taste), metabolites, and 
wastes. The functions of eeerine sweat gland aetivity include: 
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Figure 4.1 Sebaceous Glands and Follieles. The structure of sebaceous glands and sebaceous 
follieles in the skin. 
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Figure 4.14 Sweat Glands. 
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Apoerine svveat glands are found 
in the axillae (armpits), groin, and 
nipples. They produce a thiek, 
foul-smelling fluid. 
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Eeerine svveat glands 
produce a vvatery fluid 
ealled sensible perspiration, 
or svveat. 


■ Thermoregulation. Sweat eools the surface of the skin and deereases body 
temperature. This eooling is the primary function of sensible perspira- 
tion, and the nervous system and hormonal meehanisms regulate the 
degree of seeretory aetivity. When all the eeerine sweat glands are work- 
ing at maximum, the rate of perspiration may exceed a gallon per hour, 
and dangerous fluid and eleetrolyte losses ean occur. For this reason ath- 
letes partieipating in endurance sports must pause frequently to drink 
fluids. 

■ Excretion. Eeerine sweat gland seeretion ean also provide a signifieant 
excretory route for water and eleetrolytes, as well as for a number of pre- 
seription and nonpreseription drugs. 

■ Proteetion. Eeerine sweat gland seeretion proteets us from environmen- 
tal hazards by diluting harmful ehemieals and discouraging the grovvth of 
mieroorganisms. 


Control of Glandrilar Seeretions 

The autonomic nervous system ean turn sebaceous glands and apoerine sweat 
glands on or off, but no regional eontrol is possible. This means that when one 
sebaceous gland is aetivated, so are all the other sebaceous glands in the body. 
Eeerine sweat glands are much more preeisely eontrolled; the amount of seeretion 
and the area of the body involved ean vary independently. For example, when you 
are nervously awaiting an anatomy exam, your palms may begin to sweat. 

Other lntegumentary Glands 

Sebaceous glands and eeerine sweat glands are found over most of the body 
surface. Apoerine sweat glands are found in relatively restrieted areas. The skin 
also eontains a variety of speeialized sweat glands that are restrieted to speeifie 
loeations. We will discuss many of them in later ehapters, so we will note just 
two important examples here. 
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CLINICAL NOTE 


Repairing lnjuries to the Skin 

The skin ean regenerate effeetively, even after eonsiderable 
damage, because stem eells persist in both epithelial and eonnee- 
tive tissues. The speed and effeetiveness of skin repair vary with the 
wound 7 s type and loeation and the person's age and health. Regener- 
ation of skin after an injury involves four overlapping stages. 


Step 1: Inflammation Phase 

When damage to skin extends through the epidermis and into the 
dermis, bleeding occurs. Immune eells in the area # including mast eells, 
trigger an inflammatory response. 


Step 2: Migration Phase 

A blood clot # or scab # forms over the wound # bloeking additional mieroor- 
ganisms from entry. Most of the elot eonsists of an insoluble network of 
fibrin # a fibrous protein that forms from blood proteins during the elotting 
response. The eolor of the elot refleets the presenee of trapped red blood 
eells. Cells of the stratum basale divide rapidly and migrate along the edges 
of the wound to replaee the missing epidermal eells. Simultaneously # mae- 
rophages patrol the damaged dermis # phagoeytizing debris and pathogens. 

If the wound involves a large area of thin skin # dermal repairs must 
be under way before epithelial eells ean eover the surface. Divisions of 
fibroblasts and mesenehymal eells produce mobile eells that invade the 
deeper areas of the injury. Endothelial eells of damaged blood vessels 



also begin to divide # and eapillaries follow the fibroblasts # enhaneing 
circulation. The eombination of blood clot # fibroblasts # and eapillary 
network is ealled granulation tissue. 

Step 3: Proliferation Phase 

Over time # deeper portions of the elot dissolve and the number of eapil- 
laries deereases. Fibroblasts form eollagen fibers and ground substance. 
Migrating epithelial eells surround the clot # forming new epidermis 
beneath the seab. 



Step 4: Searring Phase 

After the seab is shed # the new epidermis is thin and the new dermis 
eontains an abnormally large number of eollagen fibers and relatively 
few blood vessels. Severely damaged hair follicles # sebaceous and sweat 
glands # muscle eells and nerves are seldom restored; they # too # are 
replaeed by fibrous tissue. This rather inflexible # fibrous # noncellular 
sear tissue is the final result of the healing proeess. 

After Healing 

Sear tissue formation is highly variable. For example # surgical proee- 
dures on a fetus do not leave sears. In some adults # particularly those 
with dark skin # sear tissue formation may continue # producing a thiek- 
ened sear ealled a keloid. 
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response. 
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o The mammary glands of the breasts are anatomieally related to apoerine 
sweat glands. A complex interaetion between sexual and pituitary hor- 
mones eontrols their development and seeretion. We will discuss mam- 
mary gland structure and function in ehapter 27. 

o Ceruminous (se-RU-mi-nus) glands are modified sweat glands in the external 
auditory eanal of the ear. They have a larger lumen than eeerine sweat glands 
do, and their gland eells eontain pigment granules and lipid droplets not found 
in other sweat glands. Their seeretions eombine with those of nearby sebaceous 
glands, forming a mixture ealled eemmen, or “earwax.” Earwax, together with 
tiny hairs along the ear eanal, helps trap foreign partieles and small inseets, 
preventing them from reaehing the tympanie membrane (eardmm). 

Nails 

► KEY POINT Nails, eomposed of keratinized epithelial eells arranged into 
plates, proteet our fingers and toes. 

Nails form on the dorsal smfaees of the tips of the toes and fingers. They 
proteet the exposed tips and help limit distortion when they are subjected to 
meehanieal stress—for example, when we run or grasp objeets. 

gure 4.1 shows the structure of a nail. The nail body eovers the nail 
bed. Nail production oeerns at the nail root, an epithelial fold not visible from 
the smfaee. The deepest portion of the nail root lies very elose to the perios- 
ternn of the bone of the fingertip. 

Figure 4.1 Structure of a Nail. These dravvings i 11 ustrate the prominent 
structures of a typieal fingernail. 
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The nail body is reeessed beneath the level of the surrounding epithelium, 
and it is bordered by lateral nail grooves and lateral nail folds. A portion of 
the stratum corneum of the nail fold extends over the exposed nail nearest the 
root, forming the eponyehhim (ep-ò-NIK-è-um; epi-, over, + onyx, nail), or 
evitiele. The proximal nail fold is the portion of skin nearest the eponyehimn. 
Underlying blood vessels give the nail its eharaeteristie pink eolor, but near the 
root these vessels may be obsemed, leaving a pale ereseent known as the lunula 
(LU-nu-la; luna, moon). The distal free edge of the nail body extends over a 
thiekened stratum corneum, the hyponychium (hT-pò-NIK-è-um). 

Changes in the shape, structure, or appearanee of the nails are elinieally 
signifieant. For example, the nails may turn yellow in patients who have ehronie 
respiratory disorders, thyroid gland disorders, or AIDS. Nails may beeome pitted 
and distorted in psoriasis and eoneave in some blood disorders. 



CONCEPT CHECK 

9 What are the functions of hair? 

10 What are the two types of hair? 

11 Compare and eontrast apoerine and eeerine sweat glands. 

12 List the main structures of a typieal fingernail. 


See the blue Ansvvers tab at the baek of the book. 


4.6 Loeal Control of lntegumentary 

Fiinetion 

► KEY POINT Skin responds to environmental influences without the involve- 
ment of the nervous or endoerine systems. 

The integumentary system displays a signifieant degree of functional inde- 
pendenee. It responds direetly and automatically to loeal influences without 
the involvement of the nervous or endoerine systems. For example, when the 
skin is subjected to meehanieal stresses, stem eells in the stratmn basale divide 
more rapidly and the epithelium thiekens. That is why calluses form on your 
palms when you do a lot of work with your hands. We ean see a more dra- 
matie display of loeal regulation when the skin is injmed. 

After severe damage, the repair proeess does not retrnn the integmnent to its 
original eondition. (See the Oinieal Note on L) p. 101.) The injrny site eontains 
an abnormal density of eollagen fibers and relatively few blood vessels. Damaged 
hair follieles, sebaceous glands, sweat glands, muscle eells, and nerves are seldom 
repaired, and fibrous tissue replaees them. The formation of this rather inflex- 
ible, fibrous, noncellular sear tissue is a praetieal limit to the healing proeess. 



CONCEPT CHECK 

13 List one example of loeal eontrol of the 
integumentary system. 

See the blue Ansvvers tab at the baek of the book. 

Aging and the Integiimentary System 

► KEY POINT Ag ing affeets all the eomponents of the integumentary system. 

gure 4.16 smnmarizes the effeets of aging on the integmnent. 

■ The epidermis thins as basal eell aetivity deereases, making older people 
more prone to injmy and skin infeetions. 

■ The nrnnber of Langerhans eells deereases to around 50 pereent of levels seen 
at matmity (approximately age 21). This deerease may make the irnimme 
system less sensitive and frnther eneomage skin damage and infeetion. 
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Figure 4.16 The Skin during the Aging Proeess. Characteristic changes # eaiises, and effeets in the 
skin during aging. 
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■ Vitamin D 3 production deereases by around 75 pereent. The result ean be 
muscle vveakness and weaker bones. 

■ Melanoeyte aetivity deelines, and in Caucasians the skin beeomes very 
pale. With less melanin in the skin, older people are more sensitive to sun 
exposure and more likely to experience sunburn. 

■ Glandular aetivity deereases. The skin beeomes dry and often sealy because 
sebum production deereases; eeerine sweat glands are also less aetive. 
With impaired perspiration, older people eannot lose heat as effieiently as 
younger people ean. Thus, the elderly are at greater risk of overheating in 
warm environments. 

■ The blood supply to the dermis deereases at the same time that sweat glands 
beeome less aetive. This eombination lessens the elderly person’s ability to 
lose body heat. For this reason, overexertion or warm temperatures (such 
as a sauna or hot tub) ean cause dangerously high body temperatures. 

■ Hair follieles stop functioning or produce thinner, finer hairs. With 
deereased melanoeyte aetivity, these hairs are gray or white. 


■ The dermis and its elastie fiber network beeome thinner. The integument 
beeomes weaker and less resilient; sagging and vvrinkling occur. These 
effeets are most notieeable in areas exposed to the sun. 

■ Seeondary sexual eharaeteristies in hair and body fat distribution begin to 
fade as the result of ehanges in levels of sex hormones. 

■ Skin repairs proeeed more slowly, and recurring infeetions may result. It 
takes three to four weeks to repair a blister site at age 21, but six to eight 
weeks at age 65-75. 


4.7 CONCEPT CHECK 

14 List three examples of how the integumentary 
system ehanges as we get older. 

See the blue Ansvvers tab at the baek of the book. 


Study Oiitline 


lntroduction p.87 

The integumentary system, or integument # proteets us from the 
surrounding environment. Its reeeptors tell us about the outside 
world # and it helps regulate body temperature. 

4.1 Stmetiire and Fiinetion of the Integiimentary 

System p.87 

The integumentary system eonsists of the cutaneous membrane 
or skin # which includes the superficial epidermis, the deeper 


dermis, and the aeeessory structures, including hair follieles, 
nails # and exocrine glands. The subcutaneous layer is deep to the 
cutaneous membrane. fSee Figures4.1 and 4.2.) 

4.2 TheEpidermis p.88 

The epidermis is a stratified squamous epithelium. 

There are four eell types in the epidermis: keratinoeytes, the most 
abundant epithelial eells; melanoeytes, pigment-producing eells; 
Merkel cells # involved in deteeting sensation; and Langerhans cells # 
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which are phagoeytie eells of the immune system. Melanocytes f 
Merkel cells f and Langerhans eells are seattered among the 
keratinoeytes. 

Layers of the Epidermis p. 88 

Division of basal eells in the stratum basale produces 
nevv keratinocytes f vvhieh replaee more superficial eells. 
fSee Figure 4.3.) 

As nevv eommitted epidermal eells differentiate, they pass 
through the stratum spinosum, the stratum granulosum f the 
stratum lucidum (of thiek skin), and the stratum corneum. The 

keratinoeytes move tovvard the surface f and through the proeess 
of keratinization f the eells accumulate large amounts of keratin. 
Ultimately f the eells are shed or lost at the epidermal surface. (See 
Figure 4.3.) 

Thin and Thiek Skin p. 90 

Thin skin f vvhieh has four layers of keratinocytes f eovers most of 
the body; thiek skin f vvhieh has five layers f eovers only the heavily 
abraded surfaces f such as the palms of the hands and the soles of 
the feet. (See Figure 4.4.) 

Dermal Ridges p. 91 

Dermal ridges, such as those on the palms and soles f improve our 
gripping ability and inerease the skin's sensitivity. Their pattern is 
determined genetieally. The ridges interloek vvith dermal papillae 
of the underlying dermis. (See Figures 4.4 and 4.5.) 

Skin Color p. 91 

The eolor of the epidermis depends on a eombination of 
faetors: the dermal blood supply and variable quantities of 
tvvo pigments: earotene and melanin. Melanin helps proteet 
the skin from the damaging effeets of excessive ultraviolet 
radiation. fSee Figure 4.6.) 

4.3 TheDermis p .92 


4.5 Aeeessory Structures p .95 

Hair Follides and Hair p. 95 

Hairs originate in complex organs ealled hair follieles, vvhieh 
extend into the dermis. Eaeh hair has a bulb, root f and shaft. Hair 
production involves a speeial keratinization of the epithelial eells of 
the hair matrix. At the eenter of the matrix f the eells form a soft 
core f or medulla; eells at the edge of the hair form a hard cortex. 
The cuticle is a hard layer of dead f keratinized eells that eoats the 
hair. (See Figures 4.9 and 4.10.) 

The lumen of the folliele is lined by an internal root sheath produced 
by the hair matrix. An external root sheath surrounds the internal 
root sheath f betvveen the skin surface and hair matrix. The glassy 
membrane is the thiekened basal lamina external to the external root 
sheath; a dense eonneetive tissue layer surrounds it. fSee Figure 4.9.) 

A root hair plexus of sensory nerves surrounds the base of eaeh 
hair folliele and deteets the movement of the shaft. Contraction 
of the arreetor pili muscle elevates the hair by pulling on the 
folliele. fSee Figures 4.9 and 4.10.) 

Vellus hairs ( ## peach fuzz ## ) and heavy terminal hairs make up 
the hair population on our adult bodies. 

Hairs grovv and are shed aeeording to the hair grovvth eyele. A 
single hair grovvs for tvvo to five years and is subsequently shed. 
fSee Figure 4.11.) 

Glands in the Skin p. 96 

Sebaceous (o/V) glands diseharge a waxy f oily seeretion (sebum) 
into hair follieles. Sebaceous follieles are large sebaceous 
glands that produce no hair; they communicate direetly with the 
epidermis. (See Figures 4.12 and 4.13.) 

Apoerine sweat glands produce an odorous seeretion. The more 
numerous eeerine sweat glands, or meroerine sweat glands , 
produce a thin f watery seeretion known as sensible perspiration, 
or sweat. (See Figures 4.12 and 4.14.) 


Dermal Organ zation p. 92 

Two layers eompose the dermis: the superficial papillary layer 
and the deeper reticular layer. fSee Figures 4.2, 4.4, and 
4.7-4.9.) 

The papillary layer derives its name from its assoeiation with the 
dermal papilla. It eontains blood vessels f lymphatics f and sensory 
nerves. This layer supports and nourishes the overlying epidermis. 
(See Figures 4.4 and 4.7.) 

The reticular layer eonsists of a meshwork of eollagen and elastie 
fibers oriented in all direetions to resist tension in the skin. (See 
Figures 4.7 and 4.8.) 


The mammary glands of the breast resemble larger and more 
complex apoerine sweat glands. Aetive mammary glands seerete 
milk. Ceruminous glands in the ear eanal are modified sweat 
glands that produce waxy eemmen. 

Nails p. 102 

The nails proteet the exposed tips of the fingers and toes and help 
limit their distortion when they are subjected to meehanieal stress. 

The nail body eovers the nail bed f with nail production occurring 
at the nail root. The eponychium ( cuticle ) is formed by a fold of 
the stratum corneum ealled the nail fold f which extends from the 
nail root to the exposed nail. (See Figure 4.15.) 


Other Dermal Gomponents p. 93 

An extensive blood supply to the skin includes the cutaneous 
and papillary plexuses. The papillary layer eontains abundant 
eapillaries that drain into the veins of these plexuses. 

(See Figure 4.2.) 

4.4 The Subcutaneous Layer p.94 

Although not part of the integument f the subcutaneous layer 
(hypodermis or superficial faseia) stabilizes the skin # s position 
against underlying organs and tissues yet permits limited 
independent movement. (See Figures 4.2 and 4.7.) 


4.6 Loeal Control of Integiimentary Function p. 102 

The skin ean regenerate effeetively even after eonsiderable 
damage f such as severe cuts or moderate burns. 

Severe damage to the dermis and aeeessory glands eannot be 
eompletely repaired f and fibrous sear tissue remains at the injury 
site. (See dinieal Note on p. 101.) 

4.7 Aging and the Integiimentary System p. 102 

Aging affeets all layers and aeeessory structures of the 
integumentary system. (See Figure 4.16.) 
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ehapter Review 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. subcutaneous layer. . 

2. dermis. . 

3. stem eell. L_ 

4. keratinized/eornified. . 

5. melanoeytes. L_ 

6. epidermis. . 

7. sebaceous gland. . 

8. sweat gland. L_ 

9. sear tissue. . 

a. fibrous # noncellular 

b. holoerine; oily seeretion 

e. pigmenteells 

d. stratum basale 

e. superfieiaI faseia 

f. papillary layer 

g. stratum corneum 

h. stratified squamous epithelium 

i. eeerine; elear seeretion 

10. Label the following structures on 
the aeeompanying diagram of the 
integumentary system: 

■ dermis 

■ epidermis 

■ (sweat gland) 
lamellar corpuscle 

■ sebaceous gland 

■ arreetor pili rrmsele 



(e) _ 

(d) _ 

(e) _ 

(f) _ 

11. The effeets of aging on the skin include 

(a) a deerease in sebaceous gland aetivity. 

(b) inereased production of vitamin D 3 . 

(e) thiekening of the epidermis. 

(d) an inereased blood supply to the dermis. 

12. Skin eolor is the result of 

(a) the dermal blood supply. 

(b) pigment eomposition. 

(e) pigment eoneentration. 

(d) all of the above. 


13. Label the following structures on the 
aeeompanying figure: 

■ eponychium 

■ phalanx 

■ hyponychium 

■ nail root 


a b e d 



(a)_ (b) 

(e) _ (d) 


14. The layer of the skin that eontains both 
interwoven bundles of eollagen fibers and 
the protein elastin, and is responsible for 
the strength of the skin, is the 

(a) papillary layer. (b) reticular layer. 

(e) epidermal layer. (d) hypodermal layer. 

15. The layer of the epidermis that eontains eells 
undergoing division is the 

(a) stratum corneum. 

(b) stratum basale. 

(e) stratum granulosum. 

(d) stratum lucidum. 

16. All of the following are effeets of aging except 

(a) the thinning of the epidermis of the skin. 

(b) an inerease in the number of 
Langerhans eells. 

(e) a deerease in melanoeyte aetivity. 

(d) a deerease in glandular aetivity. 

17. Eaeh of the following is a function of the 
integumentary system except 

(a) proteetion of underlying tissue. 

(b) excretion. 

(e) synthesis of vitamin C. 

(d) thermoregulation. 

18. Carotene is 

(a) an orange-yellow pigment that 
accumulates inside epidermal eells. 

(b) another name for melanin. 

(e) deposited in stratum granulosum eells to 
proteet the epidermis. 

(d) a pigment that gives the eharaeteristie 
eolor to hemoglobin. 

19. Which statement best deseribes a hair root? 

(a) It extends from the hair bulb to the point 
where the internal organization of the 
hair is eomplete. 

(b) It is the nonliving portion of the hair. 

(e) It eneompasses all of the hair deep to the 
surface of the skin. 

(d) It includes all of the structures of the hair 
folliele. 


Level 2 Reviewing Concepts 

1. Explain why fair-skinned individuals have 
greater need to shield themselves from the 
sun than do dark-skinned individuals. 

2. Explain how and why calluses form. 

3. Weight lifters often have streteh marks. 
Explain why # utiIizing sound anatomieal 
logie. 

4. Deseribe how the protein keratin affeets the 
appearanee and function of the integument. 

5. List the eharaeteristies that make the 
subcutaneous layer a region eommonly used 
for hypodermie injeetions. 

6. Explain how washing the skin and applying 
deodorant reduce the odor of apoerine 
sweat glands. 

7. Explain what is happening to a person who 
is eyanotie, and what body structures would 
show this eondition most easily. 

8. Explain why elderly people are less able to 
adapt to temperature extremes. 

Level 3 Critical Thinking 

1. You are about to undergo surgery. Explain 
why you want your physieian to have an 
excellent understanding of the tension lines 
of the skin. 

2. Defend the following statement: Many 
medieations ean be administered 
transdermally by applying patehes that 
eontain the medieation to the surface of 
the skin. These patehes ean be attaehed 
anywhere on the skin except the palms of 
the hands and the soles of the feet. 

MasteringA&P” 

Aeeess more ehapter study tools online 

in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) p 


■ A&P Flix for anatomy A8cPFUx 

topies 
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CLINICAL CASE 


WRAP-UP 


Flesh-Eating Baeteria 


The surgeon evaluating Martin notes his high fever, low blood 
pressure 7 and rapid pulse 7 indieating shoek. The swelling and 
subcutaneous air in his right thigh indieate the presenee of gas- 
forming baeteria. Her diagnosis is neerotizing faseiitis, a serious, 
often fatal neerosis (tissue death) of the deep faseia caused by 
baeteria, primarily Streptococcus, the same mierobe that causes 
strep throat. The baeteria spread along faseial planes and destroy 
tissue with their toxins; thus 7 they are popularly known as "flesh- 
eating baeteria." The surgical team takes Martin direetly to the 
operating room. 

Upon ineising Martin's thigh, the surgeon suctions a large amount 
of // dishwater"-appearing fluid that eontains gas. The subcutaneous 
tissue appears gray and neerotie. She pushes her finger along the plane 
between the subcutaneous layer and the dermis and notes that the 
integument is no longer firmly attaehed to the deep faseia around the 
muscles of the anterior thigh. She sees that the cutaneous plexus of 
blood vessels is thrombosed (elotted), with no effeetive blood flow to 
the overlying dermis # and assumes the subpapillary plexus is similarly 
thrombosed. She debrides (removes dead tissue from) the area and 
hopes that further debridements, and eventual skin grafting, wi11 save 
Martin's life and limb. 




1. How did the baeteria causing the neerotizing faseiitis get into the 
loose eonneetive tissue of the subcutaneous layer? 

2. With occlusion (bloekage due to elotting) of the deep cutaneous 
plexus and the superfieiaI subpapillary plexus of blood vessels, what 
wi11 happen to the skin in this area? 

See the blue Ansvvers tab at the baek of the book. 



Related dinieal Terms 


eold sore: A lesion that typieally occurs in 
or around the mouth and is caused by a 
dormant herpes simplex virus that may be 
reaetivated by faetors such as stress, fever, 
or sunburn. Also ealled fever blister. 

eomedo: The primary sign of aene eonsisting 
of an enlarged pore filled with skin debris, 
baeteria, and sebum (oil); the medieal term 
for a blaekhead. 

dermatology: The braneh of medieine 
eoneerned with the diagnosis, treatment, 
and prevention of diseases of the skin, hair, 
and nails. 

eezema: Rash eharaeterized by inflamed, itehy, 
dry, sealy, or irritated skin. 

frostbite: lnjury to body tissues caused by 
exposure to below-freezing temperatures, 
typieally affeeting the nose, fingers, or toes 
and sometimes resulting in gangrene. 


gangrene: A term that deseribes dead or 
dying body tissue that occurs when the loeal 
blood supply to the tissue either is lost or is 
inadequate to keep the tissue alive. 

impetigo: An infeetion of the surface of the 
skin, caused by staphylococcus ("staph") and 
streptococcus ("strep") baeteria. 

nevus: A benign pigmented spot on the skin 
such as a mole. 

onyeholysis: A nail disorder eharaeterized 
by a spontaneous separation of the nail 
bed starting at the distal free margin and 
progressing proximally. 

pallor: An unhealthy pale appearanee. 

porphyria: A rare hereditary disease in 
which the blood pigment hemoglobin is 
abnormally metabolized. Porphyrins are 
excreted in the urine, which beeomes 


dark; other symptoms include mental 
disturbances and extreme sensitivity of the 
skin to light. 

rosaeea: A eondition in which eertain faeial 
blood vessels enlarge, giving the eheeks and 
nose a flushed appearanee. 

seleroderma: An idiopathie ehronie 
autoimmune disease eharaeterized by 
hardening and eontraetion of the skin 
and eonneetive tissue, either loeally or 
throughout the body. 

tinea: A skin infeetion caused by a fungus; also 
ealled ringworm. 

urticaria: Skin eondition eharaeterized by red, 
itehy, raised areas that appear in varying 
shapes and sizes; eommonly ealled hives. 
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radiologist. "But something is causing your pain, so I want you to have an 
MRI of that leg." 

What could be causing Emily's pain? To find out f turn to the Clinical Case 
Wrap-Up on p. 130. 
















THE SKELETAL SYSTEM includes the bones of the skeleton and the eartilages, 
ligaments, and other eonneetive tissues that stabilize or intereonneet them. 
Bones are the organs of the skeletal system, and they do more than serve as 
raeks that muscles hang from; they support our weight and work together 
with muscles, producing eontrolled, preeise movements. Without a frame- 
work of bones to eonneet to, eontraeting muscles would just get shorter and 
fatter. Our muscles must pull against the skeleton to make us sit, stand, walk, 
or run. The skeleton has many other vital functions; some may be unfamiliar 
to you, so we begin this ehapter by summarizing the major functions of the 
skeletal system. 

■ Support: The skeletal system provides structural support for the entire 
body. Individual bones or groups of bones provide a framework for the 
attaehment of soft tissues and organs. 

■ Mineral storage: The calcium salts of bone are a valuable mineral reserve 
that maintains normal eoneentrations of calcium and phosphate ions in 
body fluids. Calcium is the most abundant mineral in the human body. A 
typieal human body eontains 1-2 kg (2.2-4.4 lb) of calcium, with more 
than 98 pereent of it in the bones of the skeleton. 

■ Blood eell production: Red blood eells, white blood eells, and platelets are 
produced in red marrow, which fills the internal eavities of many bones. The 
role of bone marrow in blood eell formation will be deseribed in later ehap- 
ters on the cardiovascular and lymphatie systems (Chapters 20 and 23). 

■ Proteetion: Delieate tissues and organs are surrounded by skeletal ele- 
ments. The ribs proteet the heart and lungs, the skull eneloses the brain, 
the vertebrae shield the spinal eord, and the pelvis eradles delieate digestive 
and reproductive organs. 

■ Leverage: Many bones of the skeleton function as levers. They ehange the 
magnitude and direetion of the forees generated by skeletal muscles. The 
movements produced range from the delieate motion of a fingertip to pow- 
erful ehanges in the position of the entire body. 

This ehapter deseribes the structure, development, and growth of 
bone. The two ehapters that follow organize bones into two divisions: the 
axial skeleton (the bones of the skull, vertebral column, sternum, and 
ribs) and the appendicular skeleton (the bones of the limbs and the 
assoeiated bones that eonneet the limbs to the trunk at the shoulders and 
pelvis). The fourth and final ehapter in this group examines articulations 
or joints. structures where the bones meet and may move with respeet to 
eaeh other. 

The bones of the skeleton are complex, dynamie organs that eontain osse- 
ous tissue, other eonneetive tissues, smooth muscle tissue, and neural tissue. 
We now eonsider the internal organization of a typieal bone. 

5.1 Structure and Function of Bone 

► KEY POINT Bone is a speeialized form of eonneetive tissue—a supporting 

eonneetive tissue. Like all eonneetive tissues, it is eomposed of speeialized eells, 

protein fibers, and an extracellular matrix. 

Bone tissue, or osseous tissue, is one of the supporting eonneetive tissues. 
(Review the seetions on dense eonneetive tissues, eartilage, and bone at this 
time. tD pp. 65, 67-70 ) Like other eonneetive tissues, osseous tissue eontains 
speeialized eells and an extracellular matrix of protein fibers and a ground sub- 
stanee. The matrix of bone tissue is solid and sturdy because of the deposition 
of ealeimn salts around the protein fibers. 

Osseous tissue is separated from surrounding tissues by a fibrous perios- 
teum. When osseous tissue surrounds another tissue, the inner bony surfaces 
are lined by a cellular endosteum. 


The Histologieal Organization of Mature Bone 

► KEY POINT Mature bone is eomposed of four types of highly speeialized eells 
and an extracellular matrix of calcium, phosphate, and eonneetive tissue fibers. 

The basie organization of bone tissue was introduced in ehapter 3. We now take 
a eloser look at the organization of the matrix and eells of bone. 

The Matrix of Bone 

Calcium phosphate, Ca 3 (P0 4 ) 2 , accounts for almost two-thirds of the weight of 
bone. It interaets with calcium hydroxide [Ca(OH) 2 ] to form erystals of hydroxy- 
apatite (hI-DROK-sè-ap-a-tTt)[Ca 10 (PO 4 ) 6 (OH) 2 ]. As these erystals form, they 
ineorporate other calcium salts, such as calcium earbonate, and ions such as sodium, 
magnesium, and fluoride. These inorganie eomponents enable bone to resist eom- 
pression. Roughly one-third of the weight of bone is from eollagen fibers and other 
noncollagenous proteins, which give bone eonsiderable tensile strength. Osteoeytes 
and other eell types account for only 2 pereent of the mass of a typieal bone. 

Calcium phosphate erystals are very strong, but relatively inflexible. They 
withstand eompression, but the erystals shatter when exposed to bending, 
twisting, or sudden impaets. Collagen fibers are tough and flexible. They easily 
tolerate stretehing, twisting, and bending but, when eompressed, they simply 
bend out of the way. In bone, the eollagen fibers and other noncollagenous 
proteins provide an organie framework for the formation of mineral erystals. 
The hydroxyapatite erystals form small plates that lie alongside these ground 
substance proteins. The result is a protein-erystal eombination with properties 
intermediate between those of eollagen and those of pure mineral erystals. 

The Cells of Mature Bone 

Bone eontains four eell types: osteoblasts, osteoeytes, osteoprogenitor eells, and 
osteoelasts (Figure 5.1 a). 

Osteoeytes Mature bone eells are osteoeytes ( osteon , bone). They maintain 
and monitor the protein and mineral eontent of the surrounding matrix. The min- 
erals in the matrix are continually reeyeled. Eaeh osteoeyte direets the release of eal- 
cium from bone into blood and the deposition of calcium salts into the surrounding 
matrix. Osteoeytes occupy small ehambers, ealled lacunae, that are sandwiched 
between layers of ealeified matrix. These matrix layers are ealled lamellae (la-MEL-lè; 
singular, lamella; “thin plate”) |ure 5.1 b-d . ehannels ealled canaliculi 
(kan-a-LIK-u-H; “little eanals”) radiate through the matrix from lacuna to lacuna 
and toward free surfaces and adjaeent blood vessels. The canaliculi eonneet adja- 
eent lacunae and bring the proeesses of neighboring osteoeytes into elose eontaet. 
Tight junctions intereonneet these proeesses and provide a route for the diffusion of 
nutrients and waste products from one osteoeyte to another aeross gap junctions. 

Osteoblasts Cuboidal eells found in a single layer on the inner or outer 
surfaces of a bone are ealled osteoblasts (OS-tè-ò-blasts; blast, precursor). 
These eells seerete the organie eomponents of the bone matrix. This material, 
ealled osteoid (OS-tè-oyd), later beeomes mineralized through a eomplieated, 
multistep meehanism. Osteoblasts are responsible for the production of new 
bone—a proeess ealled osteogenesis (os-tè-ò-JEN-e-sis; gennan, to produce). It 
is thought that osteoblasts respond to a variety of different stimuli, including 
meehanieal and hormonal, to initiate osteogenesis. If an osteoblast beeomes 
surrounded by matrix, it differentiates into an osteoeyte. 

Osteoprogenitor Cells Bone tissue also eontains small numbers of stem 
eells termed osteoprogenitor eells (os-tè-ò-prò-JEN-i-tor; progenitor, anees- 
tor). Osteoprogenitor eells differentiate from mesenehyme and are found in 
numerous loeations, including the innermost layer of the periostemn and the 
endosteum lining the medullary eavities. Osteoprogenitor eells divide to pro- 
duce daughter eells that differentiate into osteoblasts. The ability to produce 
additional osteoblasts beeomes extremely important after a bone is eraeked or 
broken. We will eonsider the repair proeess further in a later seetion. 
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Figure 5.1 Histologieal Structure of a Typieal Bone. Osseous tissue eontains speeialized eells and a 
dense extracellular matrix eontaining calcium salts. 
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A seanning eleetron mierograph of 
several osteons in eompaet bone. 



A thin seetion through eompaet bone. The intaet matrix 
making up the lamellae and eentral eanal is vvhite, vvhile 
lacunae and canaliculi appear blaek in this seetion. 



A single osteon at higher magnifieation. 
The eentral eanal appears blaek on this 
seetion. 


Osteoelasts Large, multinucleate eells found at sites where bone is being 
removed are termed osteoelasts (OS-tè-ò-klasts). They are derived from the 
same stem eells that produce monoeytes and neutrophils. to pp. 62, 6 They 
seerete aeids through a proeess involving the exocytosis of lysosomes. The aeids 
dissolve the bony matrix and release amino aeids and the stored calcium and 
phosphate. This erosion proeess, ealled osteolysis (os-tè-OL-T-sis), inereases 
the ealeimn and phosphate eoneentrations in body fluids. Osteoelasts are 
always removing matrix and releasing minerals, and osteoblasts are always pro- 
ducing matrix that quickly binds minerals. The balanee between the aetivities 
of osteoblasts and osteoelasts is very important; when osteoelasts remove eal- 
cium salts faster than osteoblasts deposit them, bones beeome weaker. When 
osteoblasts are more aetive than osteoelasts, bones beeome stronger and more 
massive. 

New researeh indieates that osteoelasts may also be involved in osteoblast 
differentiation, immune system aetivation, and the proliferation of tumor eells 
in bone. 


Compact and Spongy Bone 

► KEY POINT There are tvvo forms of adult bone: eompaet bone and spongy 
bone. Because of their different structure, eompaet bone is heavier and better at 
resisting forees that occur parallel to the bone. Spongy bone is lighter and better 
at resisting forees that occur from more than one direetion at the same time. 

There are two types of osseous tissue: eompaet bone and spongy bone. Compact 
bone is relatively dense and solid, whereas spongy bone, also termed trabeailar 
(tra-BEK-u-lar) bone or cancellous bone, forms an open network of stmts and plates. 
Both are found in typieal bones of the skeleton, such as the humerus, the proximal bone 
of the upper limb, and the femur, the proximal bone of the lower limb. Compact 
bone forms the walls, and an internal layer of spongy bone surrounds the medullary 
(marrow) eavity gure 5.2a . The medullary eavity eontains bone marroiv, a 
loose eonneetive tissue that is dominated by either adipoeytes (yellow marrow) or 
a mixture of mature and immature red and white blood eells and the stem eells that 
produce them (red marrow). Yellow marrow, often found in the medullary eavity 
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of the shaft, is an important energy reserve. Extensive areas of red marrow, such as in 
the spongy bone of the femur, are important sites of blood eell formation. 

Structural Differenees between Compact and Spongy Bone 

Compact and spongy bone have the same matrix eomposition, but they differ in 
the three-dimensional arrangement of the osteoeytes, canaliculi, and lamellae. 

Compact Bone The functional unit of mature eompaet bone is the eylin- 
drieal osteon (OS-tè-on), or Haversian system gure 5.1b-dl . In an osteon 


the osteoeytes are arranged in circular layers around a eentral eanal (or Hav- 
ersian eanal ), which eontains the blood vessels that supply the osteon. Central 
eanals run parallel to the surface of the bone gure 5.2b,c] . Other passage- 
ways known as perforating eanals, or Volkmann's eanals, extend perpendicular 
to the surface gure 5.2b . Blood vessels in the perforating eanals deliver blood 
to osteons deeper in the bone and serviee the medullary eavity. The eylindrieal 
eoneentrie lamellae of eaeh osteon are arranged parallel to the long axis of 
the bone. These lamellae form a series of eoneentrie rings, resembling a “bnll’s- 
eye” target, around the eentral eanal gure 5.2b,c' . The eollagen fibers spiral 


Figure 5.2 The Internal Organization in Representative Bones. The structural relationship of 
eompaet and spongy bone in representative bones. 
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Loeation and structure of spongy bone. The photo shows 
a seetional view of the proximal end of the femur. 
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along the length of eaeh lamella, and differenees in the direetion of spiraling 
within adjaeent lamellae strengthen the osteon. Canaliculi form an intereon- 
neeting network with the osteoeytes within their lacunae. This enables the pas- 
sage of nutrients and wastes to and from the blood vessels within the eentral 
eanal. Interstitial lamellae fill in the spaees between the osteons in eompaet 
bone. Depending on their loeation, these lamellae either have been produced 
during the growth of the bone or may represent what is left of osteons that have 
been reeyeled by osteoelasts during bone repair or remodeling. Circumferential 
lamellae, a third type of lamellae found in bone, occur at the external and inter- 
nal surfaces of the bone. In a bone such as the humerus or femur, the circum- 
ferential lamellae form the outer and inner surfaces of the shaft °gure 5.2b). 

Spongy Bone The major differenee between eompaet and spongy bone 
is the arrangement of spongy bone into parallel strnts or thiek, branehing 
plates ealled trabeculae (tra-BEK-u-lè; a a little beam”) (also termed spicules). 
Numerous intereonneeting spaees occur between the trabeculae in spongy 
bone. Spongy bone possesses lamellae, and if the trabeculae are thiek enough, 
osteons will be present. 


In terms of the assoeiated eells and the structure and eomposition of the lamellae, 
spongy bone is no different from eompaet bone. Spongy bone forms an open frame- 
work cjure 5.2d] , and as a result it is much lighter than eompaet bone. How- 
ever, the branehing trabeculae give spongy bone eonsiderable strength despite its 
relatively light weight. Thus, the presenee ofspongy bone rednees the weight ofthe skel- 
eton and makes it easier for muscles to move the bones. Spongy bone is found wherever 
bones are not stressed heavily or where stresses arrive from many direetions. 

Fiinetional Differenees between Compact and Spongy Bone 

A layer of eompaet bone eovers the surface of all bones. The thiekness of this 
layer varies from region to region and from one bone to another, but eompaet 
bone is thiekest where stresses arrive from a limited number of direetions. This 
superficial layer of eompaet bone is in turn eovered by the periosteum, a eon- 
neetive tissue wrapping that is eonneeted to the deep faseia Figure 5.2a,d' . 
The periosteum is eomplete everywhere except within a joint, where the edges 
or ends of two bones eontaet one another. 

jure 5.3a shows the general anatomy of the femur, the proximal bone 
of the lower limb. Compact bone surrounds the medullary eavity. The bone 


Figure 5.3 Anatomy of a Representative Bone 
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The femur, or thigh bone, in posterior and seetional views. The femur has a diaphysis 
(shaft) with walls of eompaet bone and epiphyses (ends) filled with spongy bone. A 
metaphysis separates the diaphysis and epiphysis at eaeh end of the shaft. The body 
weight is transferred to the femur at the hip joint. Because the hip joint is off eenter 
relative to the axis of the shaft, the body weight is distributed along the bone so that 
the medial portion of the shaft is eompressed and the lateral portion is stretehed. 



A photograph showing the 
epiphysis after seetioning. 
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has two ends, or epiphyses (e-PIF-i-sés; singular, epiphysis; epi, above, + physis, 
growth), separated by a tubular diaphysis (dl-AF-i-sis; “a growing between M ), or 
shaft. The diaphysis is eonneeted to the epiphysis at a narrow zone known as the 
metaphysis (me-TAF-i-sis). The shaft of eompaet bone transfers stresses from 
one epiphysis to another. For example, when you are standing, the shaft of the 
femur transfers your body weight from your hip to your knee. The osteons within 
the shaft are parallel to its long axis, and as a result the femur is very strong when 
stressed along that axis. Imagine a single osteon as a drinking straw with very 
thiek walls. When you push the ends of a straw together, it seems quite strong. 
However, when you hold the ends and push the side of the straw, it breaks easily. 
Similarly, a long bone does not bend when forees are applied to either end, but an 
impaet to the side of the shaft ean easily cause a break, or fracture. 

Spongy bone is not as massive as eompaet bone, but it is much more eapable 
of resisting stresses applied from many different direetions. The epiphyses of the 
femur are filled with spongy bone, and the alignment of the trabeculae within 


the proximal epiphysis is shown in -igure 5.3b,c. The trabeculae are oriented 
along the stress lines, but with extensive eross-braeing. At the proximal epiphysis, 
the trabeculae transfer forees from the hip aeross the metaphysis to the femoral 
shaft; at the distal epiphysis, the trabeculae transfer the forees aeross the knee joint 
to the leg. In addition to reducing weight and handling stress from many direetions, 
the open trabecular framework supports and proteets the eells of the bone marrow. 

The Periosteum and Endosteiim 

► KEY POINT Most bones are eovered by a strong and highly sensitive eonnee- 
tive tissue ealled the periosteum. The endosteum, which is an ineomplete layer of 
eonneetive tissue, lines the hollow, eentral marrow eavity of bones. Both layers 
are involved in the repair and remodeling of bone. 

The outer surface of a bone is usually eovered by a periosteiim ure 5.4a’ . 
The periosteum isolates and proteets the bone from surrounding tissues, 


Figure 5.4 Anatomy and Histology of the Periosteum and Endosteum. Diagrammatie 
representation of periosteum and endosteum loeations and their assoeiation with other 
bone structures; histology seetion shows both periosteum and endosteum. 
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The periosteum eontains outer (fibrous) and 
inner (osteogenie) layers. Oollagen fibers of the 
periosteum are continuous with those of the 
bone, adjaeent joint capsules, and attaehed 
tendons and ligaments. 



A tendon-bone junction. 



The endosteum is an ineomplete cellular layer eontaining 
osteoblasts, osteoprogenitor eells, and osteoelasts. 
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provides a route and a plaee of attaehment for circulatory and nervous 
supply, aetively partieipates in bone growth and repair, and attaehes the 
bone to the eonneetive tissue network of the deep faseia. A periosteum does 
not surround sesamoid bones, nor is it present where tendons, ligaments, 
or joint capsules attaeh or where bone surfaces are eovered by articular 
eartilages. 

The periosteum eonsists of an outer fibrous layer of dense fibrous eon- 
neetive tissue and an inner osteogenie layer eontaining osteoprogenitor 
(stem ) eells. When a bone is not undergoing growth or repair, few osteoprogen- 
itor eells are visible within the cellular layer. 

Near joints, the periosteum beeomes continuous with the eonneetive 
tissue network that surrounds and helps stabilize the joint. At a fluid-filled 
(synovial) joint, the periosteum is continuous with the joint capsule that 
eneloses the joint complex. The fibers of the periosteum are also interwo- 
ven with those of the tendons attaehed to the bone igure 5.4cJ. As the 
bone grows, these tendon fibers are eemented into the superficial lamellae 
by osteoblasts from the cellular layer of the periosteum. The eollagen fibers 
ineorporated into bone tissue from tendons and from the superficial perios- 
teum are ealled perforating fibers or Sharpey's fibers : igure Aa . The 
eementing proeess makes the tendon fibers part of the general structure of 
the bone, providing a much stronger bond than would otherwise be possible. 
An extremely powerful pull on a tendon or ligament will break the bone 
rather than snap the eollagen fibers at the bone surface. 

Inside the bone, a cellular endosteiim lines the medullary (marrow) eav- 
ity (Figure 5.4b] . This layer is only one eell thiek and is an ineomplete layer. 
The endosteum eontains osteoprogenitor eells and eovers the trabeculae of 
spongy bone. It also lines the inner surfaces of the eentral eanals and perforat- 
ing eanals. The endosteum is aetive during the growth of bone and whenever 
repair or remodeling is under way. 



CONCEPT CHECK 

1 How would the strength of a bone be affeeted if the 
ratio of eollagen to calcium salts (hydroxyapatite) 
inereased? 

2 A sample of bone shows eoneentrie lamellae 
surrounding a eentral eanal. Is the sample from the 
cortex or the medullary eavity of a long bone? 

3 If the aetivity of osteoelasts exceeds the aetivity of 
osteoblasts in a bone, how is the mass of the bone 
affeeted? 

4 If a poison seleetively destroyed the osteoprogenitor 
eells in bone tissue, what future, normal proeess may 
be impeded? 


See the blue Ansvvers tab at the baek of the book. 


5.2 Bone Development and Growth 

► KEY POINT Bone grovvs by tvvo proeesses: intramembranous ossifieation and 
endoehondral ossifieation. 

The proeess of bone development and growth is carefully regulated, and a 
breakdown in regulation affeets all body systems. In this seetion we discuss the 
proeess of osteogenesis (bone formation) and bone growth. 

From fertilization to about eight weeks of age, an embryo's skeletal ele- 
ments are eomposed of either mesenehyme or hyaline eartilage. The bony skel- 
eton begins to form at eight weeks. During subsequent development, the bones 
inerease tremendously in size. 


Bone growth continues through adoleseenee, and portions of the skeleton 
usually do not stop growing until age 25. The growth of the skeleton deter- 
mines the size and proportions of the body. 

During embryonie development, bone replaees both mesenehyme and 
eartilage. This proeess of replaeing other tissues with bone is ossifieation. 
Calcification refers to the deposition of ealemrn salts within a tissue. Any 
tissue ean be ealeified, but only ossifieation forms bone. 

There are two major forms of ossifieation: 

■ In intramembranous (in-tra-MEM-bra-nus) ossifieation, bone devel- 
ops from mesenehyme or fibrous eonneetive tissue. Intramembranous 
ossifieation forms bones such as the elaviele, mandible, and flat bones of 
the faee and skull. 

■ In endoehondral (en-dò-KON-dral; endo y inside, + chondros f eartilage) 
ossifieation, bone replaees an existing eartilage model. The bones of the 
limbs and other bones that bear weight, such as the vertebral column, 
develop by endoehondral ossifieation. 


Intramembranoiis Ossifieation 

► KEY POINT During intramembranous ossifieation, embryonie mesenehyme 
eondenses into a thiek "membrane-like" layerthat is replaeed by bone. 

Intramembranous ossifieation occurs within embryonie mesenehymal tissue 
before eartilage develops. gure 5.5a shows skull bones forming through 
intramembranous ossifieation in the head of a 10-week-old fetus. Spotlight 
Figure 5.6 explains the proeess of intramembranous ossifieation, also ealled 
dermal ossifieation. 

Endoehondral Ossifieation 

► KEY POINT During endoehondral ossifieation, embryonie mesenehyme 
forms a eartilage model of a developing bone that is gradually replaeed by 
bone. 

Endoehondral ossifieation occurs within a hyaline eartilage model in which 
bone replaees eartilage. gure 5.5 shows the appendicular skeleton form- 
ing by endoehondral ossifieation in 10- and 16-week-old fetuses. Spotlight 
Figure 5.7 illustrates the proeess of endoehondral ossifieation. 

Epiphyseal Closure 

At maturity, an event ealled epiphyseal closure stops bone growth (Spotlight 
Figure 5.7). X-rays ean often deteet the former loeation of the epiphyseal ear- 
tilage as a distinet epiphyseal line that remains after epiphyseal growth has 
ended (look forward to ure 5.8 on page 118). 

inereasing the Diameter of a Developing Bone 

The diameter of a bone enlarges through grovvth at the outer surface of the 
bone. In this proeess of appositional growth, stem eells of the inner layer of 
the periosteum differentiate into osteoblasts and add bone matrix to the sur- 
faee. This adds layers of circumferential lamellae to the superficial surface of 
the bone. Over time, the deeper lamellae are reeyeled and replaeed with the 
osteons typieal of eompaet bone. 

Blood vessels and eollagen fibers of the periosteum ean and do beeome 
enelosed within the matrix. Where this occurs, the proeess of appositional bone 
growth is somewhat more complex (look forward to 3gure 5.8 on page 119). 

While osteoblasts add bone to the outer surface, osteoelasts reabsorb 
(remove) bone matrix at the inner surface. As a result, the medullary eavity 
gradually enlarges as the bone inereases in diameter. 
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Figure 5.5 Fetal lntramembranous and Endoehondral Ossifieation. These 10- and 16-week human 
fetuses have been speeially stained (with alizarin red) and eleared to show developing skeletal elements. 
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At 10 vveeks the fetal skull elearly shovvs both membrane 
and cartilaginous bone, but the boundaries that indieate 
the limits of future skull bones have yet to be established. 
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At 16 vveeks the fetal skull shovvs the irregular margins of the 
future skull bones. Most elements of the appendicular skeleton 
form through endoehondral ossifieation. Note the appearanee 
of the vvrist and ankle bones at 16 vveeks versus at 10 vveeks. 


Blood and Nerve Siipply to Bones 

► KEY POINT ln eertain loeations, four sets of blood vessels nourish adult 
bones. 

Like any living tissue, bones need nourishment. Osseous tissue is very vascu- 
lar, and the bones of the skeleton have an extensive blood supply. In a long 
bone such as the humerus, four major sets of blood vessels develop (look for- 
ward to 'igure 5.10 on page 120): 

o The nutrient artery and nutrient vein: These vessels form as blood ves- 
sels invade the eartilage model at the start of endoehondral ossifieation. 
There is usually only one nutrient artery and one nutrient vein entering 
the diaphysis through a nutrient foramen. A foramen (fò-RÀ-men; plu- 
ral, foramina) is an opening in a bone. However, a few bones, including 
the femur, have two or more nutrient arteries. These vessels penetrate 
the shaft to reaeh the medullary eavity. The nutrient artery divides into 
aseending and deseending branehes, which approaeh the epiphyses. These 
vessels then re-enter the eompaet bone through perforating eanals and 
extend along the eentral eanals to supply the osteons of the eompaet bone 
(Figure 5.2b, p. 110). 

e Metaphyseal vessels: These vessels supply blood to the inner (diaphyseal) 
surface of eaeh epiphyseal eartilage, where bone is replaeing eartilage. 

o Epiphyseal vessels: The epiphyseal ends of long bones eontain numer- 
ous smaller foramina. Epiphyseal vessels enter the bone through these 
foramina to supply the osseous tissue and medullary eavities of the 
epiphyses. 


o Periosteal vessels: Blood vessels from the periosteum are ineorporated 
into the developing bone surface (look forward to ure 5.9 on page 
119). These vessels provide blood to the superficial osteons of the shaft. 
During endoehondral ossifieation, branehes of periosteal vessels enter the 
epiphyses, bringing blood to the seeondary ossifieation eenters. 

After the epiphyses elose, all of these blood vessels beeome extensively 
intereonneeted (look forward to Figure 5.10 on page 120). The perios- 
teum also eontains an extensive network of lymphatie vessels and sensory 
nerves. The lymphatie vessels eolleet lymph (fluid derived from the intersti- 
tial fluid) from branehes that enter the bone and reaeh individual osteons 
through perforating eanals. The sensory nerves penetrate the eompaet bone 
with the nutrient artery to innervate the endosteum, medullary eavity, and 
epiphyses. Because of this rieh sensory innervation, injuries to bones are 
usually very painful. 

Faetors Regulating Bone Growth 

► KEY POINT Vitamins A, C, and D 3 , calcium and other ions, and many hor- 
mones have signifieant effeets on bone development and maintenanee in ehil- 
dren and adults. 

Normal bone growth depends on a eombination of faetors, including nutrition 
and the effeets of hormones: 

■ Minerals. Normal bone growth eannot occur without a eonstant dietary 
source of calcium and phosphate salts, as well as other ions such as mag- 
nesium, eitrate, earbonate, and sodium. 
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SPOTLIGHT 


FIGIIRE 5.6 


lntramembranous Ossifieation 


lntramembranous ossifieation 

also ealled dermal ossifieation, 
typieally starts during the eighth 
week of embryonie development. 
This type of ossifieation occurs in 
the deeper layers of the dermis, 
and the bones that result are 
ealled membrane bones, or 
dermal bones. 
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Examples of dermal bones 
include the roofing bones of the 
skull (the frontal, parietal, and 
oeeipital bones) and the 
mandible (lower jaw). 
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This is a three-dimensional view 
of spongy bone (also termed 
eaneelloLis or trabecular bone). 
Areas of spongy bone may later 
be removed, ereating mediillary 
eavities. Through remodelíng by 
osteoelasts and osteoblasts, 
spongy bone formed in this way 
ean be eonverted to eompaet 
bone seen in the mature bones 
of the skull. 


Differentiation of Osteoblasts vvithin Mesenehyme 



Mesenehymal tissue beeomes highly 
vascularized, and the mesenehymal 
eells aggregate, enlarge, and then 
differentiate into osteoblasts. The 
osteoblasts then cluster together and 
start to seerete the organie eompo- 
nents of the matrix. The resulting 
osteoid then beeomes mineralized 
through the erystallization of calcium 
salts. The loeation vvhere ossifieation 
begins is ealled an ossifieation 
eenter. 
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Formation of Bony Spicules 


As ossifieation proeeeds, osteoblasts 
that beeome surrounded by osteoid 
differentiate into osteoeytes. These 
eells will remain trapped within tiny 
spaees known as lacunae (singular, 
lacuna). The developing bone grows 
outward from the ossifieation eenter in 
small strnts ealled spicules. Although 
osteoblasts are still being trapped in the 
expanding bone, mesenehymal eell 
divisions continue to produce additional 
osteoblasts. 
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Entrapment of Blood Vessels 


Bone growth is an aetive proeess, 
and osteoblasts require oxygen and a 
reliable supply of nutrients. The rate 
of bone growth aeeelerates as blood 
vessels braneh within the region and 
grow between the spicules. As spicules 
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intereonneet, they trap blood vessels 
within the bone. 


Formation of Spongy Bone 


Continued deposition of bone by 
osteoblasts ereates a bony plate 
that is perforated by blood 
vessels. As adjaeent plates fuse 
together, the bone structure 
beeomes inereasingly complex. 
































































SPOTLIGHT 


FIGIIRE 5.7 


Endoehondral Ossifieation 


Endoehondral ossifieation begins with the formation of a hyaline eartilage 
model. The bones of the limbs form in this way. By the time an embryo is six 
weeks old, the proximal bones of the limbs, the humerus (upper limb) and 
femur (lower limb), have formed, but they are eomposed entirely of eartilage. 
These eartilage models continue to grow by expansion of the eartilage matrix 
(interstitial grovvth) and by the production of more eartilage at the 
outer surface (appositional growth). 



Initiation of Ossifieation in the Developing Bone <steps i 
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As the eartilage enlarges, 
ehondroeytes near the 
eenter of the shaft inerease 
greatly in size, and the 
surrounding matrix begins 
to ealeify. Deprived of 
nutrients, these ehondro- 
eytes die and disintegrate, 
leaving eavities within the 
eartilage. 


Blood vessels grow around 
the edges of the eartilage, and 
the eells of the perichondrium 
begin differentiating into 
osteoblasts. The periehon- 
drium has now been 
eonverted into a periosteum, 
and the inner osteogenie 
(os-tè-ò-JEN-ik) layer soon 
produces a bone eollar, a thin 
layer of eompaet bone around 
the shaft of the eartilage. 


While these ehanges are under 
way, the blood supply to the 
periosteum inereases, and 
eapillaries and osteoblasts migrate 
into the heart of the eartilage, 
invading the spaees left by the 
disintegrating ehondroeytes. The 
ealeified cartilaginous matrix then 
breaks down, and osteoblasts 
replaee it with spongy bone. Bone 
development proeeeds from this 
primary ossifieation eenter in the 
shaft, toward both ends of the 
cartilaginous model. 


While the diameter is small, the entire 
shaft is filled with spongy bone, but as it 
enlarges, osteoelasts erode the eentral 
portion and ereate a medullary {marrovv) 
eavity. The bone of the shaft beeomes 
thieker, and the eartilage of the metaphy- 
sis is invaded by osteoblasts that produce 
columns of bone. Further growth involves 
two distinet proeesses: an inerease in 
length and an enlargement in diameter 
(Figure 5.9). 
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Figure 5.9 
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Inereasing the Length of the Developing Bone (Steps 5-7) 

During the initial stages of osteogenesis, osteoblasts move away from the primary ossifieation 
eenter toward the epiphyses. But they do not manage to eomplete the ossifieation of the model 
immediately, because the eartilages of the epiphyses continue to grow. The situation is like a 
pair of joggers, one in front of the other. As long as they are running at the same speed, they 
ean run for miles without eolliding. In this ease, the osteoblasts and the epiphysis are both 
“running away” from the primary ossifieation eenter. As a result, the osteoblasts never eateh up 
with the epiphysis, although the skeletal element continues to grow longer and longer. 
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Capillaries and osteoblasts then migrate 
into the eenters of the epiphyses, ereating 
seeondary ossifieation eenters. The time 
of appearanee of seeondary ossifieation 
eenters varies from one bone to another 
and from individual to individual. Seeond- 
ary ossifieation eenters may be present at 
birth in both ends of the humerus (arm), 
femur (thigh), and tibia (leg), but the 
epiphyses of some other bones remain 
cartilaginous through ehildhood. 
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The epiphyses eventually beeome filled with spongy 
bone. The epiphysis and diaphysis are now separated 
by a narrow epiphyseal eartilage, or epiphyseal plate, 
within the metaphysis. Osteoblasts invade the shaft 
side of the epiphyseal eartilage, replaeing the eartilage 
with bone, at the same rate that the epiphyseal eartilage 
enlarges through interstitial growth. This enlargement 
pushes the epiphysis away from the diaphysis, and the 
length of the bone inereases. 
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Within the epiphyseal 
eartilage, the ehondroeytes 
are organized into zones. 

Ohondroeytes at the- 

epiphyseal side of the 
eartilage continue to divide 
and enlarge. 

Ohondroeytes degenerate - 
at the diaphyseal side. 
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Osteoblasts migrate ■ 
upward from the diaphysis, 
and the degenerating 
eartilage is gradually 
replaeed by bone. 
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At maturity, the rate of epiphyseal eartilage 
enlargement slows and the rate of osteo- 
blast aetivity aeeelerates. As a result, the 
epiphyseal eartilage gets narrower and 
narrower, until it ultimately disappears. This 
event is ealled epiphyseal closure. The 
former loeation of the epiphyseal eartilage 
beeomes a distinet epiphyseal line that 
remains after epiphyseal growth has ended 

A thin eap of the original eartilage model 
remains exposed to the joint eavity as 
the articular eartilage. This eartilage 
prevents damaging bone-to-bone 
eontaet within the joint. 
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Figure 5.8 Epiphyseal Cartilages and Lines. The epiphyseal eartilage ìs the loeation of long bone 
grovvth in length prior to matiirity; the epiphyseal line marks the former loeation of the epiphyseal 
eartilage after grovvth has ended. 




X-ray of the hand of a young ehild. The arrovvs 
indieate the loeations of the epiphyseal eartilages. 




X-ray of the hand of an adult. The arrovvs 
indieate the loeations of epiphyseal lines. 


■ Vitamins. Vitamins A and C are essential for normal bone growth and 
remodeling. Vitamin A stimulates osteoblast aetivity, and vitamin C is 
required for enzymatie reaetions in eollagen synthesis and osteoblast 
differentiation. 

■ Calcitriol and vitamin D 3 . The hormone ealeitriol is essential for normal 
calcium and phosphate ion absorption into the blood. Calcitriol is syn- 
thesized in the kidneys from a related steroid, eholeealeiferol (vitamin D 3 ), 
which may be produced in the skin in the presenee of UV radiation or 
obtained from the diet. 

■ Parathyroid hormone. The parathyroid glands release parathyroid hormone, 
which stimulates osteoelasts and osteoblasts, inereases the rate of ealeimn 
absorption along the small intestine, and deereases the rate of ealeimn loss 
in urine. 

■ Calcitonin. The thyroid glands of ehildren and pregnant women seerete 
the hormone ealeitonin (kal-si-TÓ-nin), which inhibits osteoelasts and 
inereases the rate of calcium loss in the urine. Calcitonin is of uncertain 
signifieanee in the healthy nonpregnant adult. 

■ Growth hormone and thyroxine. Growth hormone, produced by the pitu- 
itary gland, and thyroxine, from the thyroid gland, stimulate bone growth. 
In proper balanee, these hormones maintain normal aetivity at the epiphy- 
seal eartilages until puberty. 

■ Sex hormones. At puberty, bone growth aeeelerates dramatieally. The sex 
hormones estrogen and testosterone stimulate osteoblasts to produce bone 
faster than the rate of epiphyseal eartilage expansion. Over time, the epiph- 
yseal eartilages narrow and eventually ossify, or “elose.” The continued pro- 
duction of sex hormones is essential for maintaining bone mass in adults. 

The timing of epiphyseal eartilage closure varies from bone to bone and 
individual to individual. The toes may ossify eompletely by age 11, while por- 
tions of the pelvis or wrist may continue to enlarge until age 2 5. Differenees in 
male and female sex hormones account for the variation between the sexes and 
for related variations in body size and proportions. 



CONCEPT CHECK 

5 Hovv ean x-rays of the femur be used to determine 
vvhether a person has reaehed full height? 

6 Briefly deseribe the major steps in the proeess of 
intramembranous ossifieation. 


7 Deseribe how bones inerease in diameter. 

8 What is the epiphyseal eartilage? Where is it loeated? 
Why is it signifieant? 

9 List and deseribe the roles of vitamins and hormones 
in bone growth and regulation. 


See the blue Ansvvers tab at the baek of the book. 


5.3 Bone Maintenanee, Remodeling, 

and Repair 

► KEY POINT The human skeleton eonstantly maintains, remodels, and repairs 
itself as needed. 

Bone grows when osteoblasts produce more bone matrix than osteoelasts 
remove. Bone remodeling and repair may involve ehanging the shape or inter- 
nal structure of a bone or ehanging the total amount of minerals deposited in 
the skeleton. In the adult, osteoeytes are continually removing and replaeing 
the surrounding calcium salts. 

Osteoblasts and osteoelasts remain aetive throughout life. In young 
adults, osteoblast and osteoelast aetivity are in balanee, and the rate of 
bone formation equals the rate of bone reabsorption. As osteoblasts form 
one osteon, osteoelasts destroy another osteon elsewhere within the bone. 
The rate of mineral turnover is high—eaeh year almost one-fifth of the adult 
skeleton is demolished and then rebuilt or replaeed. Every part of every bone 
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Figure 5.9 Appositional Bone Growth 





A bone grows in diameter as new bone is added to the outer surface. 



Bone formation at the surface 
of the bone produces ridges 
that parallel a blood vessel. 



Artery 
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Periosteum 



The ridges enlarge and ereate 
a deep poeket. 


Perforating 

eanal 



The ridges meet and fuse, trapping 
the vessel inside the bone. 





Bone deposition proeeeds inward toward 
the vessel, beginning the formation of a 
typieal osteon. 




Additional circumferential lamellae are 
deposited, and the bone continues to 
inerease in diameter. 


Circumferential 

lamellae 



Osteon is eomplete with new eentral eanal 
around the blood vessel. Seeond blood vessel 
beeomes enelosed. 




Oentral eanal 
of new 
osteon 


Periosteum 



As new bone is added to the outer surface, osteoelasts resorb bone on the inside, enlarging the medullary eavity. 




Infant: As the 

bone elongates, 
it also enlarges 
in diameter. 






Ohild: Osteoblasts deposit 



new bone on the outer surface 
and osteoelasts erode bone 
from the inner surface, 
enlarging the medullary eavity. 


Bone resorbed 
by osteoelasts 


Bone 
deposited by 
osteoblasts 




Young adult: The medullary 
eavity continues to enlarge 
as bone is added to the 
outer surface and eroded 
on the inner surface. 





Adult: Osteoblasts and 
osteoelasts continue to remodel 
the bone to adapt to stresses 
encountered during daily aetivity. 



may not be affeeted, as there are regional and even loeal differenees in the 
rate of turnover. For example, the spongy bone in the head of the femur may 
be replaeed two or three times eaeh year, whereas the eompaet bone along 
the shaft remains largely untouched. 

This high turnover rate continues into old age, but in older people, osteo- 
elast aetivity outpaces osteoblast aetivity. As a result, bone reabsorption exceeds 
bone deposition, and the skeleton gradually gets weaker. 


Remodeling of Bone 

► KEY POINT Bone is adaptable; the demands plaeed on the skeleton deter- 
mine its maintenanee and remodeling. 

Although bone is hard and dense, its shape ehanges in response to environmen- 
tal eonditions. Bone remodeling involves the simultaneous proeesses of adding 
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Figiire 5.10 Circulatory Supply to a Mature Bone. Arrangement and 
assoeiation of blood vessels supplying the humerus. 
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new bone and removing previously formed bone. For example, if you have dental 
braees, remodeling is occurring in your jaw. Old bone is resorbed and new bone is 
deposited, altering the shape of your tooth soekets to aeeommodate the new posi- 
tion of your teeth. If you lift weights, you are plaeing new and additional stresses 
on your skeleton. Your skeleton responds by remodeling at the sites of muscular 
and tendon attaehment. 

Bones adapt to stress by altering the turnover and reeyeling of minerals. 
Osteoblast sensitivity to eleetrieal events may be the meehanism eontrolling 
the internal organization and structure of bone. Whenever a bone is stressed, 
its mineral erystals generate minute eleetrieal fields. Apparently, these eleetrieal 
fields attraet osteoblasts, and onee in the area they begin to produce bone. (Cli- 
nieians sometimes use eleetrieal fields to stimulate the repair of severe fractures.) 

Because bones are adaptable, their shapes and surface features refleet 
the forees applied to them. For example, bumps and ridges on the surface of a 
bone mark the sites where tendons attaeh. If muscles beeome more powerful, 
the eorresponding bumps and ridges enlarge to withstand the inereased forees. 
Heavily stressed bones beeome thieker and stronger, while bones not subjected 
to ordinary stresses beeome thin and brittle. Regular exercise is important as a 


stimulus that maintains normal bone structure, espeeially in growing ehildren, 
postmenopausal women, and elderly men. 

Degenerative ehanges in the skeleton occur after even brief periods of 
inaetivity. For example, using a ernteh while wearing a east takes weight off 
the injured limb. After a few weeks, the unstressed bones lose up to a third of 
their mass. However, the bones rebuild when normal loading resumes. 

Injury and Repair 

► KEY POINT Bone repair occurs in a series of steps involving all four bone eell 
types. 

Despite its mineral strength, bone may eraek or even break if subjected to 
extreme loads, sudden impaets, or stresses from unusual direetions. The damage 
produced constitutes a fracture. Even a severe fracture may heal, provided the 
blood supply and the cellular eomponents of the endostemn and periosteum 
survive (look forward to Clinical Note on pp. 122-123). 

The repaired bone will be slightly thieker and stronger than the original bone. 
Under eomparable stress, a seeond fracture will usually occur at a different site. 

Aging and the Skeletal System 

► KEY POINT As we age, bones beeome thinner and weaker due to a variety of 
faetors, including deereased osteoblast aetivity. 

The bones of the skeleton beeome thinner and weaker as a normal part of the 
aging proeess. Inadequate ossifieation is ealled osteopenia (os-tè-ò-PÈ-nè-a; 
penia, laeking), and we all beeome slightly osteopenie as we age. This reduc- 
tion in bone mass begins between ages 30 and 40. Osteoblast aetivity deereases 
while osteoelast aetivity continues at previous levels. Onee the reduction begins, 
women lose about 8 pereent of their skeletal mass every 10 years; the skeletons of 
men deteriorate at the slower rate of about 3 pereent over the same time period. 
All parts of the skeleton are not equally affeeted. Epiphyses, vertebrae, and the 
jaws lose more than their fair share, resulting in fragile limbs, reduced height, 
and the loss of teeth. 

A signifieant pereentage of older women and a smaller proportion of older 
men suffer from osteoporosis (os-tè-ò-pò-RÒ-sis; porosiis, porous). This eon- 
dition is eharaeterized by deereased bone mass and microstructural ehanges 
that eompromise normal function and inerease the risk of fractures (look 
forward to Clinical Note: Osteoporosis on p. 125). 



CONCEPT CHECK 

10 What differenees would you expect to see in the 
bones of an athlete before and after extensive 
training to inerease muscle mass? 

11 What major differenee might you expect to find 
when eomparing bone growth in a 15-year-old and a 
30-year-old? 


See the blue Ansvvers tab at the baek of the book. 


5.4 Anatomy of Skeletal Elements 

► KEY POINT We elassify bones into seven eategories aeeording to their shapes. 
Bone markings are a useful way to identify bones and determine the positions of 
other tissues. 


The human skeleton has 206 major bones. We group these bones into ana- 
tomieal eategories based on their shapes and identify them based on their bone 
markings (surface features). 
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Gassifieation of Bone Shapes 

gure 5.1 deseribes the anatomieal elassifieation of seven eategories based 
on bone shape: sutural ( VVormian ), pneumatized, short, irregular, flat, 
long, and sesamoid bones. 

Bone Markings 

Most bones have a pattern of surface markings. Elevations or projeetions form 
where tendons and ligaments attaeh and where adjaeent bones form joints. 


Depressions, grooves, and tunnels indieate sites where blood vessels and nerves 
lie alongside or penetrate the bone. 

gure 5.11 illustrates important examples of these bone markings, or 
surfa.ee featmes. Speeifie anatomieal terms deseribe the various features. Bone 
markings are useful in identifying a bone. They also provide landmarks that 
help us determine the position of the soft tissue eomponents of other systems. 
Indeed, forensie anthropologists ean often determine the age, size, sex, and 
general appearanee of an individual on the basis of skeletal remains. (We will 
discuss this topie further in ehapter 6.) 


Figure 5.11 Shapes of Bones 


Sutural Bones 


Sutural (1/1 /ormiarí) bones 
are small, flat, oddly 
shaped bones found 
between the flat bones 
of the skull along the 
sutures. They develop 
from separate eenters of 
ossifieation. 



Sutural Sutures 


Pneumatized Bones 



Pneumatized bones are bones 
that are hollow or eontain 
numerous air poekets, such 
as the ethmoid bone. 


Ethmoid 

bone 


Short Bones 



Short bones are boxlike in 
appearanee. Their external 
surfaces are eovered by 
eompaet bone, but the 
interior eontains spongy 
bone. Examples of 
short bones include 
the earpal bones 
(wrists) and tarsal 
bones (ankles). 


Carpal 

bones 


lrregular Bones 


lrregular bones have 
complex shapes with short, 
flat, notehed, or ridged 
surfaces. Their internal 
structure is equally varied. 
The vertebrae that form the 
spinal column and several 
bones in the skull are 
examples of irregular bones. 





Flat bones have thin, roughly parallel surfaces of 
eompaet bone. In structure, a flat bone resembles a 
spongy bone sandwich; such bones are strong but 
relatively light. Flat bones form the roof of the skull, 
the sternum, the ribs, and the scapulae. They proteet 
underlying soft tissues and have an extensive surface 
area for the attaehment of skeletal muscles. Speeial 
terms are used when deseribing the flat bones of the 
skull, such as the parietal bones. Their relatively thiek 
layers of eompaet bone are ealled the internal and 
external tables, and the layer of spongy bone 
between the tables is ealled the diploè. 



Parietal bone 




External table 


■■ 

.í 


Internal 


Diploè 


table (spongy bone) 


Long Bones 


Humerus 


Long bones are relatively long 
and slender. They have a 
diaphysis, two metaphyses, two 
epiphyses, and a medullary 
(marrow) eavity, as detailed in 

Figure 5.3. Long bones are 
found in the upper and lower 
limbs. Examples include the 
humerus, radius, ulna, femur, 
tibia, and fibula. 


Sesamoid Bones 


Patella 



Sesamoid bones are usually 
small, round, and flat. They 
develop inside tendons and are 
most often encountered near 
joints at the knee, the hands, 
and the feet. Few individuals 
have sesamoid bones at every 
possible loeation, but everyone 
has sesamoid patellae, or 
kneeeaps. 
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CLINICAL NOTE 



Fractures and Their Repair 


Types of Fractures 

Fractures are named aeeording to 
their external appearanee, their 
loeation, and the nature of the 
eraek or break in the bone. 
Important types of fractures are 
illustrated here by representative 
x-rays. The broadest general 
eategories are elosed fractures 
and open fractures. Closed, or 
simple, fractures are eompletely 
internal. They ean be seen only on 
x-rays because they do not 
involve a break in the skin. Open, 
or compound, fractures projeet 
through the skin. These fractures, 
which are obvious on inspeetion, 
are more dangerous than elosed 
fractures due to the possibility of 
infeetion or uncontrolled bleeding. 
Many fractures fall into more than 
one eategory because the terms 
overlap. 


Transverse fractures, such as 
this fracture of the ulna, break a 
bone shaft aeross its long axis. 


Displaeed fractures produce Compression fractures 


new and abnormal bone 


occur in vertebrae subjected 


arrangements; nondisplaeed to stress, such as when you 


fractures retain the normal 
alignment of the bones or 
fragments. 



Bone 

fragments 


Spiral fractures, such as 
this fracture of the tibia, 
are produced by twisting 
stresses that spread 


fall on your tailbone. They 
ean also be caused by tumors along the length of 
or occur spontaneously in the bone. 

brittle bone. 


\ 


/ 
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/ 


Immediately after the fracture, 
extensive bleeding occurs. 
Over a period of several hours, a 
large blood elot, or fracture hema- 
toma, develops. 



Spongy bone of 
external callus 


Periosteum 


2 


An internal callus forms as 
a network of spongy bone 


unites the inner edges, and an 
external callus of eartilage and 
bone stabilizes the outer edges 
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Epiphyseal fractures, such as this fracture Comminuted fractures, such 


of the femur, tend to occur where the bone 
matrix is undergoing ealeifieation and 
ehondroeytes are dying. A simple trans- 
verse fracture along this line generally heals 
well as long as it is lined up perfeetly. 
Llnless carefully treated, fractures between 
the epiphysis and the epiphyseal eartilage 
ean permanently distort growth. 


as this fracture of the femur, 
shatter the affeeted area into a 
multitude of bony fragments. 




Internal 

callus 


External 

callus 


3 


The eartilage of the external callus 
has been replaeed by bone, and 


strnts of spongy bone now unite the 
broken ends. Fragments of dead bone and 
the areas of bone elosest to the break 
have been removed and replaeed. 



External 

callus 


4 


In a greenstiek fracture, such 
as this fracture of the radius, 
only one side of the shaft is 
broken, and the other is bent. 
This type of fracture generally 
occurs in ehildren, whose long 
bones have yet to ossify fully. 


A Colles fracture, a 

break in the distal portion 
of the radius, is typieally 
the result of reaehing out 
to cushion a fall. 


A Pott’s fracture, also 
ealled a bimalleolar 
fracture, occurs at the 
ankle and affeets both 
the medial malleolus of 
the tibia and the lateral 
malleolus of the fibula. 


A swelling initially marks 
the loeation of the fracture 


Over time, this region will be 
remodeled, and little evidenee of 
the fracture will remain. 
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Figure 5.1 Examples of Bone Markings (Surface Features). Bone markings provide distinet and 
eharaeteristie landmarks for orientation and identifieation of bones and assoeiated structures. 


Elevations and Projeetions 


Proeess: Any projeetion 

or bump 


Ramus: An extension of a 

bone that forms an 
angle with the rest 
of the structure 


( 




tL 





Openings 

Sinus or 

A ehamber within a 

antrnm: 

bone, normally filled 
with air 

Meatus 

A passageway for 

or eanal: 

blood vessels and/or 


nerves 

- Fissure: 

A deep furrow, eleft, 
or slit 

Foramen: 

A rounded 

passageway for blood 
vessels and/or nerves 



Skull, sagittal seetion 


Skull, anterior view 



Fossa 


Foramen 


Ramus 


Pelvis 


Head 


Neek 


Depressions 

Sulcus: 

A narrow groove — 

Fossa: 

A shallow — 


depression 


Proeesses formed where 
tendons or ligaments 
attaeh 



Troehanter: 

A large, rough — 

projeetion 

— Crest: 

A prominent 
ridge 

— Spine: 

A pointed proeess 

— Line: 

A low ridge 

— Tubercle: 

A small, rounded 
projeetion 

— Tuberosity: 

A rough projeetion 



Proeesses formed for 
joints (articulations) with 
adjaeent bones 

- Head: 

The expanded 
articular end of an 
epiphysis, often 
separated from the 
shaft by a narrower 
neek 

- Neek: 

A narrower 
eonneetion between 
the epiphysis and 
diaphysis 

- Faeet: 

A small, flat 
articular surface 

- Condyle: 

A smooth, 
rounded 

articular proeess 

- Troehlea: 

A smooth, 
grooved articular 
proeess shaped 
like a pulley 


Oondyle 
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CLINICAL NOTE 


Osteoporosis 


n osteoporosis, bones beeome fragile due 
to deereased or insufficient bone mass and thus 
beeome porous and more likely to fracture. We reaeh 
peak bone density in our early 20s and it deereases 
as we age. Inadequate calcium intake in ehildhood 
reduces peak bone density and inereases the risk of 
osteoporosis. The distinetion between the "normal" 
osteopenia (deereased ealeifieation) of aging and the 
elinieal eondition of osteoporosis is a matter of degree. 

Current projeetions indieate there wiII be more 
than 14 million osteoporotie Amerieans by 2020, most 
of them elderly women. The inerease in ineidenee after 
menopause has been linked to deereased estrogen 
(female sex hormone) production. Men have heavier 
skeletons and produce testosterone (male sex hor- 
mone) throughout life, so they are less likely to develop 
osteoporosis. 

Osteoporosis ean also develop as a seeondary effeet 
of some eaneers. Cancers of the bone, breast, or other 
tissues may release a ehemieal known as osteoelast- 
aetivating faetor. This compound inereases both the 
number and aetivity of osteoelasts and may produce 
severe osteoporosis. 

The excessive fragility of osteoporotie bones eom- 
monly leads to fractures, particularly of the vertebrae, 
wrist, and hip. Supplemental estrogen, inereased dietary 
intake of calcium and vitamin D 3/ exercise to stimulate 
osteoblastie aetivity, and ealeitonin (a hormone pro- 
duced in the thyroid) are reeommended to slow the 
progression of osteoporosis. Drugs ealled bisphospho- 
nates ean help by inhibiting osteoelastie aetivity. 




Normal spongy bone 


SEM X 25 


Spongy bone in osteoporosis 


SEM X 21 
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CONCEPT CHECK 

12 Why is a vvorking knovvledge of bone markings 
important in a elinieal setting? 

13 What is the primary differenee betvveen sesamoid 
and irregular bones? 

14 Where would you look for sutural bones in a 
skeleton? 


5ee the blue Ansvvers tab at the baek of the book. 


Although bones may seem inert, you should now realize that they are dynamie 
structures. The entire skeletal system is intimately assoeiated with other sys- 
tems. Bones attaeh to the muscular system and have extensive eonneetions 
with the cardiovascular and lymphatie systems. Bones are largely eontrolled by 
the endoerine system. The digestive and excretory systems play important roles 
in providing the calcium and phosphate minerals needed for bone growth. In 
return, the skeleton provides a reserve of ealeimn, phosphate, and other miner- 
als that ean eompensate for ehanges in the dietary supply of these ions. 


5.5 Integration with Other Systems 

► KEY POINT The skeletal system is dynamie and interaets with other body sys- 
tems in a variety of interesting ways. 



CONCEPT CHECK 

15 How would the bones of an individual who is eating 
a diet low in calcium be affeeted? 


See the blue Ansvvers tab at the baek of the book. 
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CLINICAL NOTE 


Oongenital Disorders of the 
Skeieton 


Gigantism 


Pituitary growth 
failure 



Excessive seeretion (hyperseeretion) of grovvth hormone (GH) ean 
result in tvvo disorders: gigantism and aeromegaly. Pre-puberty 
hyperseeretion results in gigantism (abnormally long bones), and 
post-puberty hyperseeretion results in aeromegaly (abnormally thiek 
bones). The most eommon cause is a pituitary tumor. 

In pituitary grovvth failure, inadequate production of 
grovvth hormone leads to reduced epiphyseal eartilage aetivity and 
abnormally short bones. This eondition is beeoming inereasingly 
rare in the llnited States because ehildren ean be treated vvith 
synthetie human GH. 

Aehondroplasia (a-kon-drò-PLÀ-sé-uh) is a disorder of bone 
grovvth that results from abnormal epiphyseal aetivity. The ehild's 



epiphyseal eartilages grovv unusually slovvly and are replaeed by 
bone early in life. As a result 7 the person develops short, stoeky limbs. 
Although other skeletal abnormalities occur, the trunk is normal in 
size, and sexual and mental development are unaffected. 

Aehondroplasia results from an abnormal gene on ehromosome 
4 that affeets a fibroblast grovvth faetor. Most eases result from 
spontaneous mutations. If both parents have aehondroplasia, 25 
pereent of their ehildren vvill be unaffected 7 50 pereent vvill have the 
eondition, and 25 pereent vvill inherit tvvo abnormal genes, leading to 
severe abnormalities and early death. 

Marfan syndrome is a genetie disorder that affeets eonneetive 
tissue structure. Individuals vvith Marfan syndrome are very tall and 
have long # slender limbs due to excessive eartilage formation at the 
epiphyseal eartilages. An abnormal gene on ehromosome 15 that affeets 
the protein fibrillin is responsible. The skeletal effeets are striking, but 
assoeiated vveaknesses in blood vessel vvalls are more dangerous. 



Osteomalaeia (os-té-ó-ma-LÀ-shé-uh; malakia, softness), also ealled 
adult riekets, is eharaeterized by a gradual softening and bending of the 
bones as a result of poor mineralization. The bones appear normal, but 
are vveak and flexible because the bone matrix eannot accumulate 
enough calcium salts. Riekets, a form of osteomalaeia that affeets 
ehildren, generally results from a vitamin D 3 defieieney caused by 
inadequate skin exposure to sunlight or an inadequate dietary supply 
of the vitamin. The bones of ehildren vvith riekets are so poorly mineralized 
they bend laterally, producing a bovvlegged appearanee. 


Tibia with inadequate — 
calcium deposition and 
resultant bone deformity 
due to riekets. 




126 The Skeletal System 


www.ebook3000.com 






































CLINICAL NOTE 


Examination of the Skeletal System 

eiinieians use relatively sophistieated equipment to view the 
skeleton. However # a elinieian's most important tools are a eare- 
ful medieal history and physieal examination. Information that the 
patient ean provide includes: 


■ Onset, loeation, poality, and severity of the pain or stiffness 
What makes the pain better or worse 



■ Assoeiated signs and symptoms 

■ What the patient thinks is causing it 

A physieal examination ean be supplemented with diagnostie 
procedures and laboratory tests # summarized in Table 5.1. 


Table 5.1 


Examples of Tests Used in the Diagnosis of Bone and Joint Disorders 


Diagnostie Procedure 

Method and Result 

Representative Uses 

X-ray 

A beam of radiation that passes through the body 
and strikes a photographie film, forming an image of 
body structures 

Deteets fractures # tumors # disloeations, reduction 
in bone density (osteopenia), and bone infeetions 
(osteomyelitis) 

Bone sean 

A nuclear imaging test, which uses a radioaetive 
traeer that demareates "hot spots" of inereased 
bone turnover (osteoblastie aetivity). "Cold spots" 
that laek traeer may indieate eaneer (such as multiple 
myeloma) or impaired blood supply to the bone. 

Deteets occult fractures that are healing, 
osteomyelitis, areas of metastatie eaneer to bone, 
arthritis, and diseases of abnormal bone metabolism 
(such as Paget's disease) 

Arthroeentesis 

Insertion of a needle into a joint to aspirate synovial 
fluid 

Deteets abnormalities in synovial fluid # including 
bleeding, infeetion, inflammation, gout, and pseudogout 

MRI (magnetie resonanee imaging) 

Uses powerful magnets and radio waves that produce 
3-D images, including soft tissue detail, without radiation 

Deteets infeetions, areas of inflammation # fractures # 
and tumors including their exact dimensions 

DEXA (dual-energy X-ray absorptiometry) 
or bone densitometry 

Enhaneed form of low-dose x-ray teehnology that 
measures bone loss 

Quantifies and monitors bone density loss and 
prediets risk of bone fractures 
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Study Outline 


lntroduction p. ios 

■ The skeletal system inc!udes the bones of the skeleton and the 
eartilages, ligaments, and other eonneetive tissues that stabilize or 
intereonneet bones. Its functions include structural support # storage 
of minerals and lipids # blood eell production # proteetion of delieate 
tissues and organs # and leverage. 

5.1 Structure and Function of Bone p. 108 

■ Osseous (bone) tissue is a supporting eonneetive tissue with 
speeialized eells and a solid # extracellular matrix of protein fibers 
and a ground substance. 

The Histologieal Organization of Matiire Bone p. 108 

■ Bone matrix eonsists largely of erystals of hydroxyapatite # 
accounting for almost two-thirds of the weight of bone. 

The remaining third is dominated by eollagen fibers and 
small amounts of other calcium salts; bone eells and other 
eell types contribute only about 2 pereent to the volume 
of bone tissue. 

■ Osteoeytes are mature bone eells that are eompletely surrounded 
by hard bone matrix. Osteoeytes reside in spaees termed lacunae. 
Osteoeytes in lacunae are intereonneeted by small # hollow ehannels ealled 
canaliculi. LameMae are layers of ealeified matrix. fSee Figure 5.1.) 

m Osteoblasts are bone-forming eells. By the proeess of 

osteogenesis, osteoblasts synthesize osteoid, the matrix of bone 
prior to its ealeifieation. fSee Figure 5.1.) 


m Osteoprogenitor eells are mesenehymal eells that play a role in 
the repair of bone fractures. fSee Figure 5.1.) 

Osteoelasts are large # multinucleate eells that help dissolve the 
bony matrix through the proeess of osteolysis. They are important 
in the regulation of calcium and phosphate eoneentrations in body 
fluids. fSee Figure 5.1.) 

Compact and Spongy Bone p. 109 

There are two types of bone: eompaet ( dense ) bone, and spongy 
(trabecular or cancellous) bone. Compact and spongy bone 
have the same matrix composition # but they differ in the three- 
dimensional arrangement of osteocytes # canaliculi # and lamellae. 
(See Figures 5.1 and 5.2.) 

■ The basie functional unit of eompaet bone is the osteon, or 
Fiaversian system. Osteoeytes in an osteon are arranged in eoneentrie 
layers around a eentral eanal. (See Figures 5.1 b-d and 5.2.) 

Spongy bone eontains struts or plates ealled trabeculae, often in 
an open network. (See Figure 5.2.) 

m eompaet bone eovers bone surfaces. It is thiekest where stresses 
eome from a limited range of direetions. Spongy bone is loeated 
internally in bones. It is found where stresses are few or eome from 
many different direetions. (See Figure 5.3.) 

The Periosteiim and Endosteum p. 112 

■ A bone is eovered externally by a two-layered periosteum 
(outer fibrous # inner cellular) and lined internally by a cellular 
endosteum. (5ee Figure 5.4.) 
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5.2 Bone Development and Grovvth p. 113 

■ Ossifieation replaees other tissue with bone; ealeifieation 
deposits calcium salts within a tissue. 

lntramembranous Ossifieation p. 113 

■ Intramembranoiis ossifieation ( dermal ossifieation) begins 
when osteoblasts differentiate within a mesenehymal or fibrous 
eonneetive tissue. This proeess ean ultimately produce spongy or 
eompaet bone. Such ossifieation begins at an ossifieation eenter. 
fSee Spotlight Figure 5.6.) 

Endoehondral Ossifieation p. 113 

■ Endoehondral ossifieation begins with the formation of a 
cartilaginous model. Osseous tissue gradually replaees this hyaline 
eartilage model. fSee Spotlight Figure 5.7.) 

m The length of a developing bone inereases at the epiphyseal cartilage # 
which separates the epiphysis from the diaphysis. Here # new eartilage 
is added at the epiphyseal side # while osseous tissue replaees older 
eartilage at the diaphyseal side. The time of closure of the epiphyseal 
eartilage differs among bones and among individuals. (See Figure 5.8.) 

m The diameter of a bone enlarges through appositional grovvth at 
the outer surface. fSee Figure 5.9.) 

Blood and Nerve Stipply to Bones p. 114 

■ A typieal bone formed through endoehondral ossifieation has 
several sets of vessels: the nutrient artery # nutrient vein # 
metaphyseal vessels, epiphyseal vessels, and periosteal 
vessels. Lymphatie vessels are distributed in the periosteum and 
enter the osteons through the nutrient and perforating eanals. (See 
Spotlight Figure 5.7 and Figure 5.10.) 

m Sensory nerve endings braneh throughout the periosteum # and 
sensory nerves penetrate the cortex with the nutrient artery to 
innervate the endosteum # medullary cavity # and epiphyses. 

Faetors Regulating Bone Growth p. 114 

Normal osteogenesis requires a continual and reliable source of 
minerals, vitamins # and hormones. 

■ Parathyroid hormone # seereted by the parathyroid glands # stimulates 
osteoelast and osteoblast aetivity. In contrast # calcitonin # seereted by the 
thyroid gland # inhibits osteoelast aetivity and inereases calcium loss in 
the urine. These hormones eontrol the rate of mineral deposition in the 
skeleton and regulate the calcium ion eoneentrations in body fluids. 

■ Growth hormone, thyroxine # and sex hormones stirrmlate bone 
growth by inereasing osteoblast aetivity. 


■ There are differenees between individual bones and between 
individuals with respeet to the timing of epiphyseal eartilage 
closure. 

5.3 Bone Maintenanee, Remodeling, 

and Repair p. 118 

■ The turnover rate for bone is high. Eaeh year almost one-fifth of 
the adult skeleton is broken down and then rebuilt or replaeed. 

Remodeling of Bone p. 119 

■ Bone remodeling involves the simultaneous proeesses of adding 
new bone and removing previously formed bone. 

■ Mineral turnover and reeyeling allow bone to adapt to new 
stresses. 

Injjiiry and Repair p. 120 

■ A fracture is a eraek or break in a bone. Healing of a fracture 
ean usually occur if portions of the blood supply # endosteum # and 
periosteum remain intaet. For a elassifieation of fracture types # see 
the eiinieal Note on pp. 122-123. 

Aging and the Skeletal System p. 120 

■ The bones of the skeleton beeome thinner and relatively weaker as 
a normal part of the aging proeess. Osteopenia usually develops 
to some degree # but in some eases this proeess progresses to 
osteoporosis and the bones beeome dangerously weak and 
brittle. 

5.4 Anatomy of Skeletal Elements p. 120 

dassifieation of Bone Shapes p. 121 

■ The seven eategories of bones are based on anatomieal 
elassifieation: sutural (l/l /ormian), pneumatized # short, irregular, 
flat # long # and sesamoid bones. (5ee Figure 5.11.) 

Bone Markings p. 121 

■ Bone markings (surface features) identify speeifie elevations # 
depressions # and openings of bones. (5ee Figure 5.12.) 

5.5 Integration with Other Systems p. 125 

■ The skeletal system is anatomieally and physiologieally linked 
to other body systems and represents a reservoir for calcium # 
phosphate # and other minerals. 
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ehapter Review 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and 
Terms 

1. Label the following structures on the 
aeeompanying diagram of a long bone. 

■ diaphysis 

■ articular surfaces of the proximal end of 
the bone 

■ epiphysis 

■ articular surfaces of the distal end of 
the bone 



d 


(a) _ (e) _ 

(b) _ (d)_ 

2. Spongy bone is formed of 

(a) osteons. 

(b) strnts and plates. 

(e) eoneentrie lamellae. 

(d) spicules only. 

3. The basie functional unit of mature eompaet 
bone is the 

(a) osteon. 

(b) canaliculus. 

(e) lamella. 

(d) eentral eanal. 

4. Endoehondral ossifieation begins with the 
formation of 

(a) a fibrous eonneetive tissue model. 

(b) a hyaline eartilage model. 

(e) a membrane model. 

(d) a ealeified model. 


5. When sex hormone production increases # 
bone production 

(a) slows down. 

(b) inereases. 

(e) both inereases and deereases. 

(d) is not affeeted. 

6. The presenee of an epiphyseal line indieates 
that 

(a) epiphyseal growth has ended. 

(b) epiphyseal growth is just beginning. 

(e) growth in bone diameter is just 
beginning. 

(d) the bone is fractured at that loeation. 

7. The inadequate ossifieation that occurs with 
aging is ealled 

(a) osteopenia. 

(b) osteomyelitis. 

(e) osteitis. 

(d) osteoporosis. 

8. The proeess by which the diameter of a 
developing bone enlarges is 

(a) appositional growth at the outer surface. 

(b) interstitial growth within the matrix. 

(e) lamellar growth. 

(d) Haversian growth. 

9. The sternum is an example of a(n) 

(a) flat bone. 

(b) long bone. 

(e) irregular bone. 

(d) sesamoid bone. 

10. A small, rough projeetion of a bone is 
termed a 

(a) ramus. 

(b) tuberosity. 

(e) troehanter. 

(s) spine. 

Level 2 Reviewing Ooneepts 

1. How would deereasing the proportion of 
organie molecules to inorganie eomponents 
in the bony matrix affeet the physieal 
eharaeteristies of bone? 

(a) The bone would be less flexible. 

(b) The bone would be stronger. 

(e) The bone would be more brittle. 

(d) The bone would be more flexible. 

2. Which of the following could cause 
premature closure of the epiphyseal 
eartilages? 

(a) inereased levels of sex hormones 

(b) high levels of vitamin D 3 

(e) too little parathyroid hormone 
(d) an excess of growth hormone 

3. Identify the faetors that determine the type 
of ossifieation that occurs in a speeifie bone. 


4. Identify the events that signal the end of 
long bone elongation. 

5. Compare and eontrast the advantages 
of spongy bone and eompaet bone in an 
area such as the expanded ends of long 
bones. 

6. Identify the steps involved in the proeess by 
which a bone grows in diameter. 

7. Explain why a healed area of bone is less 
likely to fracture in the same plaee again 
from similar stresses. 

8. Explain why a diet that eonsists mostly of 
junk foods wi11 hinder the healing of a 
fractured bone. 

9. Identify the properties that are used to 
distinguish a sesamoid bone from a sutural 
bone. 

10. Compare and eontrast the proeesses of 
ossifieation and ealeifieation. 

Level 3 Gritieal Thinking 

1. A small ehild falls off a bieyele and breaks an 
arm. The bone is set eorreetly and heals well. 
After the east is removed, an enlarged bony 
bump remains at the region of the fracture. 
After several months this enlargement 
disappears, and the arm is essentially normal 
in appearanee. What happened during this 
healing proeess? 

2. Most young ehildren who break a bone in 
their upper or lower limbs experience a 
greenstiek fracture. This type of fracture is 
rare in an adult. What is the reason for this 
differenee? 


MasteringA&P " 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes f ehapter Praetiee 
Test f eiinieal Cases f and more! 




Praetiee Anatomy Lab (PAL) PAL 

A&P Flix for anatomy A&PFIjx 
topies 
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CLINICAL CASE 


WRAP-UP 


Pushing Bevond Limits 


Emily has a stress fracture of her tibia where the eross-seetional 
diameter is thinnest. She first sustained a minor injury from the 
repetitive stress of running # and only the periosteum tore and bled. 
Then the circumferential lamellae of the anterior cortex of her tibia 
gave way with a tiny horizontal eraek. As she continued to run # 
adjaeent osteons broke and their eentral veins bled # causing further 
damage. Because the periosteum is loaded with sensory nerve 
endings # her stress fracture caused inereasing pain. 

This tiny fracture # involving only the anterior cortex of the tibia # 
was not yet visible on an x-ray. However # the MRI revealed the stress 
fracture and the swelling within the periosteum # cortex # and adjaeent 
endosteum. 

Emily is relieved to hear that she only needs to wear a walking 
boot and restriet her running for six weeks. By then # an x-ray wi11 show 
the fracture healing, and perhaps she wi11 be able to inerease her 
aetivity. 

1. What do you think would happen if Emily ignored the pain and 
continued to run on this eortieal stress fracture? 


2. If the stress fracture continued aeross the entire anterior cortex # 
where else could osteoprogenitor eells be recruited for healing? 

See the blue Ansvvers tab at the baek of the book. 





Related dinieal Terms 




bone marrow transplant: Transferring 
healthy bone marrow stem eells from 
one person into another to replaee bone 
marrow that either is dysfunctional or 
has been destroyed by ehemotherapy or 
radiation. 

bone mineral density test (BMD): A test 
to prediet the risk of bone fractures by 
measuring how much calcium and other 
types of minerals are present in the 
patient's bones. 

elosed reduction: The eorreetion of a bone 
fracture by manipulation without ineision 
into the skin. 


open reduction: The eorreetion of a bone 
fracture by making an ineision into the skin 
and rejoining the fractured bone parts # 
often by meehanieal means such as a rod # 
plate # or screw. 

orthopedies: The braneh of medieine dealing 
with the eorreetion of deformities of bones 
or muscles. 

osteogenesis mperfeeta (Ol): An inherited 
(genetie) disorder eharaeterized by extreme 
fragility of the bones; also ealled brittle 
bone disease. 

osteomyelitis: An acute or ehronie bone 
infeetion. 


osteopetrosis: A rare hereditary bone 
disorder in which the bones beeome 
overly dense; it presents in one of three 
forms: osteopetrosis tarda # osteopetrosis 
congenita # or "marble bone" disease. 

osteosareoma: A type of eaneer that starts in 
the bones; also ealled osteogenie sareoma. 

Paget's disease: A ehronie disorder that ean 
result in enlarged and misshapen bones due 
to abnormal bone destruction and regrowth. 

traetion: The applieation of a sustained pull 
on a limb or muscle in order to maintain the 
position of a fractured bone until healing 
occurs or to eorreet a deformity. 
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6.4 


List and deseribe the bones of the cranium. p. 140 
Identify and deseribe the bones of the faee. p. 150 






6.6 




Identify and lìst the functions of the bones of 
the orbital and nasal complexes. p. 154 

Compare and eontrast structural differenees 
among the skulls of infants, ehildren, and 
adults. p. 156 




Compare and eontrast the vertebral groups 
and deseribe the structural and functional 
differenees among them. p. 158 


6.8 


Explain the signifieanee of the articulations of 
the thoraeie vertebrae, ribs, and sternum. p. 167 



The Last Lap 

By 2001 f Dale Earnhardt was one of the most beloved NASCAR drivers 
of all time. At age 49 he had won seven NASCAR ehampionships. In the 
final lap of the 2001 Dayton 500, Earnhardt's ear elipped another ear, spun 
counterclockwise # was broadsided by a third ear, and smashed into the wall 
at 175 mph. 

Earnhardt was the only NASCAR driver still wearing an open-faeed helmet. 
In addition, his team had altered the seatbelts for his eomfort, and Earnhardt 
did not wear a head and neek support (HANS) deviee, a semi-hard eollar 
harnessed to the driver's upper body and tethered to the helmet, designed to 
prevent the driver's head from snapping forward in a high-speed eollision. 

Earnhardt was onresponsive, not breathing, and pulseless from the moment 
he was pulled from his ear. Medies initiated CPR immediately and transported 
him to the ER where, despite vigorous resuscitation efforts, he died. 

The autopsy stated that Earnhardt had a displaeed fracture of the left ankle, 
abrasions on the right side of his ehin (from eontaet with the steering wheel), 
fractures of left ribs 2 to 9, and a contusion of the left side of the head. The fatal 
injury was indieated by the abundant blood in eaeh external acoustic meatus. 

What do you think was the fatal injury? How did the blood in the ears 
indieate this injury? 

7ò find out r turn to the dinieal Case Wrap-Up on p. 171. 



























THE BASIC FEATURES of the human skeleton have been shaped by evolution, 
but because no two people have exactly the same eombination of age, diet, 
aetivity pattern, and hormone levels, the bones of eaeh individual are unique. 
As discussed in ehapter 5, bones are continually remodeled and reshaped. Your 
skeleton ehanges throughout your lifetime; examples include the proportional 
ehanges at puberty and the gradual osteoporosis of aging. This ehapter gives 
other examples of the dynamie nature of the human skeleton, such as the 
ehanges in the shape of the vertebral column during the transition from crawl- 
ing to walking. 

The skeletal system, eomposed of 206 separate bones and a number of 
assoeiated eartilages, is divided into the axial and appendicular skeletons 
gure 6.1). The axial skeleton eonsists of the bones of the skull, thorax, and 
vertebral column. These structures form the longitudinal axis of the body. 
There are 80 bones in the axial skeleton, roughly 40 pereent of the bones in 
the human body. The remaining 126 bones of the human skeleton make up the 


Stemum 


Figure 6.1 The Axial Skeleton 
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(See Figure 7.1) 



Anterior view of the skeleton with axial 
eomponents highlighted. The flowchart 
shows relationships among the skeletal 
parts, and the boxed numbers indieate 
the number of bones. 
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views of the bones of the axial skeleton 
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appendioilar skeleton (discussed in ehapter 7). This division includes the bones 
of the limbs and the peetoral and pelvie girdles that attaeh the limbs to the tmnk. 
The axial eomponents, shown in yellow and blue in ' gure 6.1, include: 

■ the skull (22 bones), 

■ bones assoeiated with the skull (6 auditory ossieles and 1 hyoid bone), 

■ the vertebral column (24 vertebrae, 1 saemrn, and 1 coccyx), and 

■ the thoraeie eage (24 ribs and 1 sternum). 

The axial skeleton has several functions: 

■ forms a framework that supports and proteets organs in the thoraeie, 
abdominal, and pelvie body eavities; 

■ houses speeial sense organs for taste, smell, hearing, balanee, and sight; 

■ provides areas for the attaehment of muscles that adjust the positions of 
the head, neek, and tmnk; performs respiratory movements; and stabilizes 
or positions structures of the appendicular skeleton; and 


■ produces blood eells using the red bone marrow in portions of the verte- 
brae, sternum, and ribs. 

This ehapter deseribes the structural anatomy of the axial skeleton, and we 
begin with the skull. Before proeeeding, you will find it helpful to review the 
direetional referenees included in igure 1.10, p. 17. 


6.1 The Skull and Assoeiated Bones 

► KEY POINT The skull is eomposed of the eranial and faeial bones. The era- 
nial bones enelose the eranial eavity, which eneloses the brain. The faeial bones 
proteet and support the eyes and the entranees to the respiratory and digestive 
systems. 

The bones of the head are eolleetively known as the skull. The skull eontains 
22 bones: 8 form the eranimn and 14 are assoeiated with the faee Figures 6.2 
to 6.5). 


Figure 6.2 Cranial and Faeial Subdivisions of the Skull. The skull ean be divided into the eranial 
and the faeial divisions. The palatine bones and the inferior nasal eonehae of the faeial division are 
not visible from this perspeetive. 
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Figure 6.3 The Adult Skull 
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Figure 6.3 ( eontiniied) 
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Figure 6.3 ( continued) 
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Figure 6.3 ( eontimied) 
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Figure 6.4 Seetional Anatomy of the Skull f Part I. Horizontal seetion: A superior view showing 
major landmarks in the floor of the eranial eavity. 
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Figiire 6.E Seetional Anatomy of the Skull, Part II. Sagittal seetion: A medial view of the right half 
of the skull. Because the bony nasal septum is intaet, the right nasal eavity eannot be seen. 
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The cranium, which surrounds and proteets the brain, eonsists of the 
oeeipital, parietal, frontal, temporal, sphenoid, and ethmoid bones. These 
eranial bones enelose the eranial eavity, a fluid-filled ehamber that cush- 
ions and supports the brain. Blood vessels, nerves, and membranes that 
stabilize the position of the brain attaeh to the inner surface of the era- 
nium. Its outer surface provides an extensive area for attaehment of mus- 
eles that move the eyes, jaw, and head. A speeialized joint between the 
oeeipital bone and the first spinal vertebra both stabilizes the positions 
of the cranium and vertebral column and allows a wide range of head 
movements. 

If the cranium is the house where the brain resides, the faeial complex is the 
front poreh. The superficial faeial bones—the maxillae, palatine, nasal, zygo- 
matie, laerimal, vomer, and mandible ( gure 6.2, p. 133)—provide areas for 
the attaehment of muscles that eontrol faeial expressions and assist in manip- 
ulating food. 




TIPS & TOOLS 


■ The following mnemonie will help you remember the bones of the faee: 
“Virgil Can Not Make My Pet Zebra Laugh!” Vomer, Conchae, Nasal, 
Maxilla, Mandible, Palatine, Zygomatie, Laerimal 

■ The following mnemonie will help you remember the bones of the 
eranimn: “Old People From Timbuktu Eat Spiders.” Oeeipital, Parietal, 
Frontal, Temporal, Ethmoid, Sphenoid 



CONCEPT CHECK 

1 What are the assoeiated bones of the skull, and how 
many are there? 

2 What is the function of the eranial eavity, and what 
are the anatomieal names of the bones that make up 
the eranial eavity? 


See the blue Ansvvers tab at the baek of the book. 


6.2 Siitiires of the Skiill 

► KEY POINT The bones of the skull join at immovable joints ealled sutures. 

Five major sutures of the skull are the lambdoid, sagittal, eoronal, squamous, and 

frontonasal sutures. 

At a suture, dense fibrous eonneetive tissue joins the bones firmly together. 
At this time, you need to know only the lambdoid, sagittal, eoronal, squamous, 
and frontonasal sutures ( 1gure 6.3, p. 134). 

■ Lambdoid (lam-DOYD) suture. The lambdoid suture arehes aeross the 
posterior surface of the skull joining the oeeipital bone to the parietal 
bones. Often there are one or more sutural bones ( VVormian bones ) along 
this suture; they range from the size of a grain of sand to as large as a 
quarter. 

■ Sagittal suture. Posteriorly, the sagittal suture begins at the superior mid- 
line of the lambdoid suture and extends anteriorly between the parietal 
bones to the eoronal suture. 

■ Coronal suture. Anteriorly, the sagittal suture ends at the eoronal suture. 
The eoronal suture erosses the superior surface of the skull, joining the 
anterior frontal bone to the posterior parietal bones. Together, the oeeipi- 
tal, parietal, and frontal bones form the ealvaria (kal-VAR-è-a), also ealled 
the eranial vault. 


■ Squamous suture. On eaeh side of the skull a squamous suture marks the 
boundary between the temporal bone and the parietal bone of that side. 

■ Frontonasal suture. The frontonasal suture is the boundary between the 
superior aspeets of the two nasal bones and the frontal bone. 

Many superficial bumps and ridges in the axial skeleton are assoeiated 
with the skeletal muscles that are deseribed in ehapter 10; learning the names 
now will help you master the muscular material in ehapter 10. Use Table 6.1 
(look ahead to p. 142) as a referenee for foramina and fissures of the skull and 
Table 6.2 (look ahead to p. 142) as a referenee for surface features of the skull. 
These referenees will be espeeially important in later ehapters dealing with the 
nervous and cardiovascular systems. 



CONCEPT CHECK 

3 Which suture erosses the superior aspeet of the skull, 
separating the frontal and parietal bones? 

4 Which suture separates the oeeipital bone from the 
parietal bones? 


See the blue Ansvvers tab at the baek of the book. 


6.3 Bones of the Cranium 

► KEY POINT The eight bones of the eraniiim determine the shape of the head 
and proteet the brain and the speeial sense organs related to vision, smell, hear- 
ing, and balanee. 

We now examine eaeh of the bones of the eranmrn. íigures 6.3, 6.4, and 6.5 
(pp. 134-139) show the adult skull in superficial and seetional views. ( Refer to 
Chapter 12, ‘igure 12.1b, to identify these anatomieal structures from the body 
srnfaee .) As we proeeed, refer to these figures to develop a three-dimensional 
perspeetive on the individual bones. 

Oeeipital Bone 

► KEY POINT The shape of the oeeipital bone makes the posterior surface of 
the skull round. The oeeipital bone is seen from the posterior, lateral, and inferior 
aspeets of the cranium. 

The oeeipital bone forms part of the posterior, lateral, and inferior sur- 
faees of the cranium. The inferior surface of the oeeipital bone eon- 
tains a large, circular opening, the foramen magnum which eonneets 
the eranial eavity to the vertebral eanal enelosed by the vertebral eol- 
umn. At the adjaeent oeeipital eondyles, the skull forms two joints 
with the first eervieal vertebra. The posterior, external surface of the 
oeeipital bone has a number of prominent ridges. The external oeeipital erest 
extends posteriorly from the foramen magnum, ending in a small midline 
bump ealled the external oeeipital protuberance. Two horizontal ridges, 
the inferior and superior nuchal (NU-kal) lines, eross the erest. These 
lines are the attaehments for muscles and ligaments that stabilize the joints 
between the first vertebra and the skull at the oeeipital eondyles; they help bal- 
anee the weight of the head over the eervieal vertebrae of the neek. The oeeip- 
ital bone forms part of the wall of the large jugular foramen, a passageway 
for vital arteries, veins, and nerves. The internal jugular vein passes through 
this foramen to drain venous blood from the brain. The hypoglossal eanals 
begin at the lateral base of eaeh oeeipital eondyle, just superior to the eondyles 
gure 6.6a-c, e] . The hypoglossal nerves, eranial nerves that eontrol the 
tongue muscles, pass through these eanals. 
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Table 6.1 


A Key to the Foramina and Fissures of the Skull 


Major Structures llsing Passageway 

Bone 

Foramen/Fissure 

Neural Tìssue 

Vessels and Other Structures 

Oeeipital Bone 

Foramen magnum 

Medulla oblongata (most caudal portion of the brain) and 
aeeessory nerve (XI)* eontrolling several muscles of the baek, 
pharynx, and larynx 

Vertebral arteries to brain and 
supporting membranes around the 
eentral nervous system (CNS) 


Hypoglossal eanal 

Hypoglossal nerve (XII) provides motor eontrol to muscles of 
the tongue 


With temporal 
bone 

Jugular foramen 

Glossopharyngeal nerve (IX), vagus nerve (X), aeeessory 
nerve (XI). Nerve IX provides taste sensation; X is important 
for viseeral functions; XI innervates important muscles of the 
baek and neek 

Internal jugular vein (important vein 
returning blood from brain to heart) 

Frontal Bone 

Supra-orbital foramen 
(or noteh) 

Supra-orbital nerve, sensory braneh of the ophthalmie nerve, 
innervating the eyebrow, eyelid, and frontal sinus 

Supra-orbital artery delivers blood to 
same region 

Temporal Bone 

Mastoid foramen 


Vessels to membranes around CNS 


Stylomastoid foramen 

Carotid eanal 

Faeial nerve (VII) provides motor eontrol of faeial muscles 

Internal earotid artery (major arterial 
supply to the brain) 


External acoustic 
meatus 


Air conducts sound to eardrum. 


Internal acoustic 
meatus 

Vestibulocochlear nerve (VIII) from sense organs for hearing 
and balanee. Faeial nerve (VII) enters here and exits at 
stylomastoid foramen 

Internal acoustic artery to internal ear 

Sphenoid 

Optie eanal 

Optie nerve (II) brings information from the eye to the 
brain 

Ophthalmie artery brings blood into 
orbit 


Superior orbital fissure 

Oculomotor nerve (III), troehlear nerve (IV), ophthalmie 
nerve (V^), abducens nerve (VI). Ophthalmie nerve provides 
sensory information about eye and orbit; other nerves 
eontrol muscles that move the eye 

Ophthalmie vein returns blood from 
orbit 


Foramen rotundum 

Maxillary nerve (V 2 ) provides sensation from the faee 



Foramen ovale 

Mandibular nerve (V 3 ) eontrols the muscles that move the 
lower jaw and provides sensory information from that area 


With temporal 
and oeeipital 
bones 

Foramen spinosum 


Vessels to membranes around CNS; 
internal earotid artery leaves earotid 
eanal, passes along superior margin of 
foramen lacerum 


Foramen lacerum 


Vessels to membranes around CNS; 
internal earotid artery leaves earotid 
eanal, passes along superior margin of 
foramen lacerum 

With maxillae 

Inferior orbital fissure 

Maxillary nerve (V 2 ) (See foramen rotundum of the sphenoid) 


Ethmoid 

Cribriform foramina 

Olfaetory nerve (1) provides sense of smell 


Maxilla 

Infra-orbital foramen 

Infra-orbital nerve, maxillary nerve (V 2 ) from the inferior 
orbital fissure to faee 

Infra-orbital artery with the same 
distribution 


ineisive eanals 

Nasopalatine nerve 

Small arteries to the palatal surface 

Zygomatie Bone 

Zygomatieofaeial foramen 

Zygomatieofaeial nerve, sensory braneh of maxillary nerve to 
eheek 


Laerimal Bone 

Laerimal groove, nasolaerimal 
eanal (with maxilla) 


Tear duct drains into the nasal eavity 

Mandible 

Mental foramen 

Mental nerve, sensory nerve braneh of the mandibular nerve; 
provides sensation from the ehin and lower lip 

Mental vessels to ehin and lower lip 


Mandibular foramen 

Inferior alveolar nerve, sensory braneh of the mandibular 
nerve; provides sensation from the gums, teeth 

Inferior alveolar vessels supply the 
same region 


We are using the elassieal definition of eranial nerves based on the nerve's anatomieal structure as it leaves the brain stem. 
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Table 6.2 


Surface Features of the Skull 


Surface Features 

Region/Bone 

Articulates with 

Structures 

Functions 

Foramina 

Functions 

CRANIUM (8) 

Oeeipital bone (1) 

Parietal bone. 

External: 




(Figure 6.6) 

temporal bone. 

Oeeipital eondyles 

Articulate with first eervieal 

Jugular foramen (with 

Carries blood from smaller 


sphenoid 


vertebra 

temporal) 

veins in the eranial eavity 



Oeeipital erest, external 

Attaehment of muscles and 

Hypoglossal eanal 

Passageway for hypoglossal 



oeeipital protuberance. 

ligaments that move the head 


nerve that eontrols tongue 



and inferior and 

and stabilize the atlanto- 


muscles 



superior nuchal lines 

oeeipital joint 





Internal: 

Internal oeeipital erest 

Attaehment of membranes that 
stabilize position of the brain 



Parietal bones (2) 

Oeeipital, frontal. 

External: 




(Figure 6.6) 

temporal bones. 

Superior and inferior 

Attaehment of major jaw- 




sphenoid 

temporal lines 

elosing rrmsele 





Parietal eminenee 

Attaehment of sealp to skull 



Frontal bone (1) 

Parietal, nasal. 

External: 




(Figure 6.7) 

zygomatie bones. 

Frontalsuture 

Marks fusion of frontal bones 

Supra-orbital foramina 

Passageways for sensory 


sphenoid, ethmoid. 


in development 


braneh of ophthalmie nerve 


maxillae 

Squamous part 

Attaehment of sealp muscles 


and supra-orbital artery to the 
eyebrow and eyelid 



Supra-orbital margin 

Proteets eye 





Laerimal fossae 

Reeesses eontaining the 
laerimal glands 





Frontal sinuses 

Lighten bone and produce 
mucous seeretions 





Frontal erest 

Attaehment of stabilizing 
membranes (meninges) within 
the cranium 



Temporal 

Oeeipital, parietal. 

External: 


External: 


bones (2) 

frontal, zygomatie 

Squamous part: 




(Figure 6.8) 

bones, sphenoid and 

Squama 

Attaehment of jaw rrmseles 

Carotid eanal 

Entryway for earotid artery 

mandible; enelose 




bringing blood to the brain 


auditory ossieles 

_1 _ ___| i _ ; i 

Mandibular fossa and 

Form articulation with 

Stylomastoid foramen 

Exit for nerve that eontrols 


and suspend hyoid 
bone by stylohyoid 
ligaments 

articular tubercle 

mandible 

faeial muscles 


Zygomatie proeess 

Articulates with zygomatie 

Jugular foramen (with 

Carries blood from smaller 


Petrous part: 

bone 

oeeipital bone) 

veins in the eranial eavity 




Mastoid proeess 

Attaehment of rrmseles that 

External acoustic 

Entranee and passage to 




extend or rotate head 

meatus 

tympanum 



Styloid proeess 

Attaehment of stylohyoid 

Mastoid foramen 

Passage for blood vessels to 




ligament and muscles 
attaehed to hyoid bone 


membranes of brain 



Internal: 


External: 




Mastoid eells 

Lighten mastoid proeess 

Foramen lacerum 

Passage for nerves and arteries 





between temporal and 

to the inner surface of the 





oeeipital bones 

Internal: 

cranium 



Petrous part 

Proteets middle and 

Auditory tube 





internal ear 

Internal acoustic meatus 

Connects air spaee of middle 
ear with pharynx 






Passage for blood vessels and 
nerves to the internal ear and 
stylomastoid foramen 
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Table 6.2 


Surface Features of the Skull ( continued ) 


Surface Features 

Region/Bone 

Articulates with 

Structures 

Functions 

Foramina 

Functions 

Sphenoid (1) 

(Figure 6.9) 

Oeeipital, frontal, 
temporal, parietal, 
zygomatie, palatine 
bones, maxillae, 
ethmoid, and vomer 

Internal: 

Sella tiireiea 

Anterior and posterior 
elinoid proeesses, optie 
groove 

Proteets pituitary gland 

Proteets pituitary gland and 
optie nerve 

Optie eanal 

Superior orbital fissure 

Passage of optie nerve 

Entranee for nerves that 
eontrol eye movements 



External: 

Pterygoid proeesses 
and spines 

Attaehment of jaw 
muscles 

Foramen rotundum 

Passage for sensory nerves 
from faee 





Foramen ovale 

Passage for nerves that eontrol 
jaw movement 





Foramen spinosum 

Passage of vessels to 
membranes around brain 

Ethmoid (1) 

(Figure 6.10) 

Frontal, nasal, 
palatine, laerimal 
bones, sphenoid, 
maxillae, and vomer 

Crista galli 

Attaehment of membranes 
that stabilize position of brain 

Cribriform foramina 

Passage of olfaetory nerves 



Ethmoidal labyrinth 

Lightens bone, site of mucus 
production 





Superior and middle 
eonehae 

Create turbulent airflow 





Perpendicular plate 

Separates nasal eavities (with 
vomer and nasal eartilage) 



FACE (14) 

Maxillae (2) 

(Fígure 6.12) 

Frontal, zygomatie, 
palatine, íaerimal 
bones, sphenoid, 
ethmoid, and 
inferior nasal eoneha 

Orbital margin 

Proteets eye 

Inferior orbital fissure 
and infra-orbital 
foramen 

Exit for nerves entering skull at 
foramen rotundum 



Palatine proeess 

Forms most of the bony palate 

Greater and lesser 
palatine foramina 

Passage of sensory nerves from 
faee 



Maxillary sinus 

Lightens bone, seeretes mucus 

Nasolaerimal eanal 
(with laerimal bone) 

Drains tears from laerimal sae 
to nasal eavity 



Alveolar proeess 

Surrounds articulations with 
teeth 



Palatine bones (2) 

(Figure 6.13) 

Inferior nasal 
eonehae, sphenoid, 
maxillae, and vomer 


Contribute to bony palate and 
orbit 



Nasal bones (2) 

(Figures 6.3c,d 
and 6.15) 

Frontal bone, 
ethmoid, maxillae 


Support bridge of nose 



Vomer (1) 

(Figures 6.3d,e, 
6.5, 6.16) 

Ethmoid, maxillae, 
palatine bones 


Forms inferior and posterior 
part of nasal septum 



Inferior nasal 

eonehae (2) 

(Figures 6.3d 
and 6.16) 

Maxillae and 
palatine bones 


Create turbulent airflow 



Zygomatie bones (2) 

(Figures 6.3c,d 
and 6.15) 

Frontal and temporal 
bones, sphenoid, 
maxillae 

Temporal proeess 

With zygomatie proeess of 
temporal, eomplete zygomatie 
areh for attaehment of jaw 
rrmseles 



Laerimal bones (2) 

(Figures 6.3c,d 
and 6.15) 

Ethmoid, frontal 
bones, maxillae, 
inferior nasal 
eonehae 



Nasolaerimal groove 

Contains laerimal sae 
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Table 6.2 


Surface Features of the Skull ( continued ) 


Surface Features 

Region/Bone 

Articulates with 

Structures 

Functions 

Foramina 

Functions 

Mandible (1) 

(F gure 6.14) 

Temporal bones 

Ramus 


Mandibular foramen 

Passage for sensory nerve from 
teeth and gums 



Condylar proeess 

Articulates with temporal 
bone 





Coronoid proeess 

Attaehment of temporalis 
muscle from parietal surface 

Mental foramen 

Passage for sensory nerve from 
ehin and lips 



Alveolar part 

Proteets articulations with 
teeth 





Mylohyoid line 

Attaehment of muscle 
supporting floor of mouth 





Submandibular fossa 

Proteets submandibular 
salivary gland 



ASSOCIATED BONES (7) 

Hyoid bone (1) 

(F gure 6.17) 

Suspended by 
ligaments from 
styloid proeess of 
temporal bone; 
eonneeted by 
ligaments to larynx 

Greater horns 

Attaehment of tongue rrmseles 
and ligaments to larynx 





Lesser horns 

Attaehment of stylohyoid 
ligaments 



Aiiditory 
ossieles (6) 

(F gure 6.2) 

Three are enelosed 
by the petrous part 
of eaeh temporal 
bone 


Conduct sound vibrations 
from tympanie membrane 
to fluid-filled ehambers of 
internal ear 




r 




Inside the skull, the hypoglossal eanals begin on the internal surface of the 
oeeipital bone near the foramen magnum ure 6.6b). Note the eoneave 
internal surface of the oeeipital bone, which elosely follows the contours of 
the brain. The grooves mark the paths of major vessels, and the ridges are the 
attaehment sites of membranes (the meninges) that stabilize the position of 
the brain. 

Parietal Bones 

► KEY POINT The two parietal bones form most of the superior and lateral 
surfaces of the cranium. 

The paired parietal (pa-RI-e-tal) bones form the major part of the ealvaria 
(Figure 6.3b,c]. The external surface of eaeh parietal bone bears a pair of 
low ridges, the superior and inferior temporal lines ' gure 6.6c). These 
lines indieate the attaehment of the large temporalis muscle, which eloses the 
mouth. The smooth parietal surface superior to these lines is ealled the pari- 
etal eminenee. The internal surfaces of the parietal bones have impressions of 
the eranial veins and arteries that braneh inside the cranium gure 6.5 . 

Frontal Bone 

► KEY POINT The frontal bone forms the forehead and the superior portions 
of the orbit of the eyes. 

Figure 6.3b-d shows the frontal bone. During development, the eranial 
bones form through the fusion of separate ossifieation eenters, and the fusions 
are not yet eomplete at birth. At this time two frontal bones join along the 
frontal ( metopie ) suture. Although the suture usually disappears by age 8 with 
the fusion of the bones, the frontal bones of some adults retain some sign of 
this suture line. 


The eoronal suture, or what remains of it, runs down the eenter of the 
frontal eminenee of the frontal bone Figure 6.7a). The anterior surface 
of the frontal bone is the squamous part, or forehead. The lateral smfaees 
eontain the anterior continuations of the superior temporal lines gures 
6.3c and 6.7a . The frontal part of the frontal bone ends at the supra-orbital 
margins, which are the superior limits of the orbits. Above the supra-orbital 
margins are thiekened ridges, the superciliary arehes, which support the eye- 
brows. At the eenter of eaeh margin is a single supra-orbital foramen, or 
supra-orbital noteh. 

The orbital part of the frontal bone forms the roof of eaeh orbit. The 
inferior surface of the orbital part is smooth and eontains small openings for 
blood vessels and nerves going to or from structures in the orbit. This region 
is ealled the orbital surface of the frontal bone. The shallow laerimal fossa 
houses the laerimal gland, which forms tears that lubricate the surface of the 
eye gure 6.7b). 

The internal surface of the frontal bone eonforms to the shape of the ante- 
rior portion of the brain ìgures 6.4 and 6.7cì . This region has a prominent 
frontal erest for the attaehment of membranes that prevent the delieate brain 
tissues from touching the eranial bones. 

The frontal sinuses vary in size and usually develop after age 6, but some 
people never develop them at all. The frontal sinuses and other sinuses are 
deseribed in a later seetion gures 6.5 and 6.7b). 

Temporal Bones 

► KEY POINT The two temporal bones, on the lateral sides of the skull, form 
part of the cranium and a portion of the "eheekbones." 

The paired temporal bones form part of the lateral and inferior walls of the 
eranimn and the zygomatie arehes of the eheek. They are easily seen on the 
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Figure 6.Ì The Frontal Bone 
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lateral sides of the cranium. They also form the only articulations with the 
mandible and proteet the sense organs of the internal ear. In addition, the parts 
of the temporal bone inferior to eaeh parietal bone form a broad area for the 
attaehment of muscles that elose the jaws and move the head. The temporal 
bones articulate with the zygomatie, parietal, and oeeipital bones and with the 
sphenoid and mandible. Eaeh temporal bone has squamous, tympanie, and 
petrous parts. 

The squamous part of the temporal bone is the lateral surface border- 
ing the squamous suture gure 6.8a,dj . The prominent zygomatie proeess 
forms the inferior margin of the squamous part. The zygomatie proeess curves 
laterally and anteriorly to meet the temporal proeess of the zygomatie bone. 
Together, these proeesses form the zygomatie areh, or eheekbone. Inferior to 
the base of the zygomatie proeess, the temporal bone articulates with the man- 
dible. A depression ealled the mandibular fossa and an elevated articular 
tubercle mark this site ure 6.8a,c] . 


Immediately posterior and lateral to the mandibular fossa is the tympanie 
part of the temporal bone igure 6.8b] . This region surrounds the entranee 
to the external acoustic meatus. This passageway ends at the delieate 
tympanie membrane, or eardrum. (The tympanie membrane disintegrates 
during preparation of a dried skull and thus eannot be seen.) 

The petrous part ( petrous , stone) of the temporal bone surrounds and pro- 
teets the sense organs of hearing and balanee. On the lateral surface, the bulge 
just posterior and inferior to the external acoustic meatus is the mastoid proeess 
gure 6.8a . (Refer to Chapter 12, Figure 12.1b,c, to identify this structure 

from the body smfaee. ) This proeess is an attaehment site for muscles that rotate 
or extend the head. The mastoid proeess eontains numerous intereonneeted 
mastoid sinuses, termed mastoid eells. Mastoiditis, an inflammation of the mas- 
toid eells, results when infeetion from the respiratory traet spreads to this area. 
Several other landmarks on the petrous part of the temporal bone are seen on 
its inferior surface. Near the base of the mastoid proeess, the mastoid foramen 


Figure 6.8 The Temporal Bone. Major anatomieal landmarks are shovvn on a right temporal bone. 



Extemal acoustic 

meatus 

Mastoid proeess 
Styloid proeess 



Mandibular Articular Zygomatie 
fossa tubercle proeess 


External acoustic 

meatus 

Tympanie part 


Mastoid proeess, 
cut to show 
mastoid eells 




Right temporal bone, lateral view 



Cutaway view of the mastoid eells 



Articular tubercle 
Mandibular fossa 


External acoustic 

meatus 


Mastoid proeess 


Mastoid foramen 



Styloid 

proeess 

Oarotid 

eanal 

Jugular 

fossa 


Stylomastoid 

foramen 



Squamous part 
(eerebral surface) 


Petrous 


Zygomatie 

proeess 


Internal 

acoustic 

meatus 



Styloid Mastoid 
proeess proeess 



Right temporal bone, inferior view 



Right temporal bone, medial view 


ehapter 6 The Skeletal System: Axial Division 


147 


















































penetrates the temporal bone. Blood vessels travel through this passageway and 
reaeh the membranes surrounding the brain. Ligaments supporting the hyoid 
bone attaeh to the sharp styloid proeess (STl-loyd; stylos, pillar), as do muscles 
of the tongue, pharynx, and larynx. The stylomastoid foramen lies posterior to 
the base of the styloid proeess. The faeial nerve passes through this foramen to 
eontrol the faeial muscles. Medially, the jugular fossa and jugular foramen 
are found at the junction of the temporal and oeeipital bones gure 6.8c . 
Anterior and slightly medial to the jugular foramen is the entranee to the earotid 
eanal. The internal earotid artery, a major artery supplying blood to the brain, 
penetrates the skull through this passageway. Anterior and medial to the earotid 
eanal, a jagged slit, the foramen lacerum (LA-se-rum; laeerare, to tear), extends 
between the oeeipital and temporal bones. In a living person, this spaee eontains 
hyaline eartilage and small arteries supplying the inner surface of the cranium. 

Lateral and anterior to the earotid eanal, the temporal bone articulates 
with the sphenoid. A small musculotubal eanal begins 
at that articulation and ends inside the temporal bone 
(Figure 6.8c] . This eanal surrounds the auditory tube. 

The auditory tube (or eustachian [yu-STÀ-shan] tube, or 
pharyngotympanie tube) is an air-filled passageway that 
begins at the pharynx and ends at the tympanie eavity, 
or middle ear, a ehamber inside the temporal bone. The 
tympanie eavity eontains the auditory ossieles, or ear 
bones. These tiny bones transfer sound vibrations from 
the tympanie membrane (eardrum) toward reeeptors in 
the internal ear, which provides the sense of hearing. 

The petrous part dominates the medial surface of the 
temporal bone cjure 6.8d . The internal acoustic meatus 
earries blood vessels and nerves to the internal ear and earries 
the faeial nerve to the stylomastoid foramen. The medial sur- 
faee of the temporal bone features grooves that indieate the 
loeation of blood vessels that pass along the internal surface 
of the cranium. The sharp ridge on the internal surface of 
the petrous part is the attaehment point for a membrane that 
helps stabilize the brain’s position within the skull. 

Sphenoid 

► KEY POINT The sphenoid bone has a complex shape 

and eontaets every other bone of the eraniiim. 


posterior border. A posterior elinoid proeess extends laterally on eaeh side of 
the dorsum sellae. The lesser wings are triangular, and the superior surfaces sup- 
port the frontal lobe of the brain. The inferior surfaces form part of the orbit of 
the eye and the superior part of the superior orbital fissure, a passageway for 
blood vessels and eranial nerves of the eye. 

The transverse groove erossing the floor of the cranium anterior to the sad- 
dle, above the level of the seat, is the optie groove. At eaeh end of this groove 
is an optie eanal. The optie nerves that earry visual information from the 
eyes to the brain travel through these eanals. On eaeh side of the sella turcica, 
the foramen rotundum, the foramen ovale (ò-VAH-lé), and the foramen 
spinosum penetrate the greater wings of the sphenoid. These passages 
earry blood vessels and eranial nerves to structures of the orbit, faee, and 
jaws. Posterior and lateral to these foramina, the greater wings end at a sharp 


Figure 6.9 The Sphenoid. Vievvs of the sphenoid shovving 
major anatomieal landmarks. 
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The sphenoid, or sphenoidal bone, extends from one side 
to the other aeross the floor of the cranium. Although it is 
relatively large, much of the sphenoid lies deep to several 
superficial bones. The sphenoid unites all the eranial and 
faeial bones: It articulates with the frontal, oeeipital, parietal, 
ethmoid, and temporal bones of the eranmrn and with the 
palatine bones, zygomatie bones, maxillae, and vomer of the 
faeial complex Figure 6.9 . The sphenoid aets as a eross- 
braee that strengthens the sides of the skull. 

The general shape of the sphenoid resembles a giant 
bat with its wings extended gures 6.9a . The body is the 
eentral portion of the bone. A eentral depression between 
the wings eradles the pituitary gland below the brain. This 
depression is the hypophysial (hl-pò-FIZ-è-al) fossa, and 
its bony enclosure is the sella turcica (TUR-si-ka) (“Turkish 
saddle”). A rider faeing forward would grasp the anterior 
elinoid (KLÍ-noyd) proeesses on either side. The anterior 
elinoid proeesses are posterior projeetions of the lesser wings 
of the sphenoid. The tuberculum sellae forms the anterior 
border of the sella turcica; the dorsum sellae forms the 
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sphenoidal spine. The superior orbital fissures and the left and right foramen 
rotundum are also seen in an anterior view gure 6.9b). 

The pterygoid proeesses (TER-i-goyd; pterygion, wing) of the sphenoid are 
vertieal projeetions beginning at the boundary between the greater and lesser 
wings. Eaeh proeess forms a pair of plates, the lateral and medial pterygoid plates, 
which are important attaehment sites for the muscles that move the lower jaw and 
soft palate. At the base of eaeh pterygoid proeess, the pterygoid eanal is a route 
for a small nerve and an artery supplying the soft palate and adjaeent structures. 


Ethmoid 


► KEY POINT The ethmoid bone, like the sphenoid, has a highly complex shape. 
The ethmoid makes up part of the nasal eavity and nasal septum and forms part 
of the orbit of the eye. 


Figure 6.9 ( continued) 



The ethmoid, or ethmoidal bone, is an irregularly shaped bone that forms 
part of the orbital wall, the anteromedial floor of the cranium the roof of 
the nasal eavity, and part of the nasal septum. The ethmoid has three parts: 
the eribriform plate, the ethmoidal labyrinth, and the perpendicular plate 

(Figure 6.10). 

The superior surface of the ethmoid igure 6.1 Oa] eontains the 
eribriform plate, an area perforated by the eribriform foramina. Branehes 
of the olfaetory nerves, which provide the sense of smell, pass through these 
openings. A prominent ridge, the erista galli ( erista, erest, + gallus, ehieken; 
“eoekseomb”), separates the right and left sides of the eribriform plate. The 
falx eerebri, a membrane that stabilizes the brain’s position within the skull, 
attaehes to this bony ridge. 

The ethmoidal labyrinth, dominated by the superior nasal eonehae 
(KON-ké; singular, eoneha; “snail shell”) and the middle nasal eonehae, is 
seen from the anterior and posterior smfaees of the ethmoid “igure 6.10b,c . 

The ethmoidal labyrinth is an intereonneeted network of eth- 
moidal eells. These ethmoidal eells are continuous with the 
ethmoidal eells of the inferior portion of the frontal bone. The eth- 
moidal eells also open into the nasal eavity on eaeh side. Mucus 
from these eells flushes the surfaces of the nasal eavities. 

The nasal eonehae are thin serolls of bone that projeet into 
the nasal eavity on either side of the perpendicular plate. The nasal 
eonehae break up the airflow, ereating swirls and eddies that slow 
air movement, adding extra time for warming, humidifying, and 
removing dust before the air reaehes more delieate portions of the 
respiratory traet. 

The perpendicular plate is a thin plate of bone that proj- 
eets downward from the erista galli of the ethmoid and forms 
part of the nasal septum. The nasal septum is a partition that 
also includes the vomer and a pieee of hyaline eartilage. Olfae- 
tory reeeptors are loeated in the epithelmm eovering the inferior 
surfaces of the eribriform plate, the medial surfaces of the supe- 
rior nasal eonehae, and the superior portion of the perpendie- 
ular plate. 
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Cranial Fossae 


► KEY POINT The skull interior eontains depressions known as the 
eranial fossae. These fossae eonsist of three parts, and eaeh supports 
part of the brain. 
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The contours of the cranium elosely follow the shape of the brain. 
When you view the cranium from anterior to posterior, you see 
that the floor of the cranium is not horizontal; it deseends in two 
steps gure 6.11a,b]. The eranial floor at eaeh level forms a 
curving depression known as a eranial fossa. The frontal bone, 
the ethmoid, and the lesser wings of the sphenoid form the 
anterior eranial fossa, which eradles the frontal lobes of the 
eerebral hemispheres. The middle eranial fossa extends from 
the posterior nasal apertures to the petrous parts of the tem- 
poral bones. The sphenoid, temporal, and parietal bones form this 
fossa, which eradles the temporal lobes of the eerebral hemispheres, 
the dieneephalon, and the anterior portion of the brain stem (mes- 
eneephalon). The more inferior posterior eranial fossa extends 
from the petrous parts of the temporal bones to the posterior skull 
surface. The posterior fossa is formed primarily by the oeeipital 
bone, with contributions from the temporal and parietal bones. The 
posterior eranial fossa supports the oeeipital lobes of the eerebral 
hemispheres, the cerebellum, and the posterior brain stem (pons 
and medulla oblongata). 
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Figure 6.10 The Ethmoid. Views of the ethmoid showing major anatomieal landmarks. 
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CONCEPT CHECK 

5 The internal jugular veins are important blood vessels 
of the head. Through vvhat opening do these blood 
vessels pass? 

6 What bone eontains the depression ealled the sella 
turcica? What is loeated in this depression? 

7 Which of the five senses would be affeeted if the 
eribriform plate of the ethmoid failed to form? 


5ee the blue Ansvvers tab at the baek of the book. 


6.4 Bones of the Faee 

► KEY POINT Six pairs of bones and two singular bones make up the bony 
structure of the faee. 

The faeial bones are the paired maxillae, palatine bones, nasal bones, inferior 
nasal eonehae, zygomatie bones, and laerimal bones and the single vomer and 
mandible. ( Refer to Ghapter 12, ejiire 12.1 , to identify these stmetmes from the 
body smfaee and to gure 12.9 to visnaiize the maxilla in a eross seetion ofthe 
body at the level ofC 2 .) 

The Maxillae 

► KEY POINT The paired maxillae form the upper jaw and most of the roof of 
the oral eavity. The maxillae are the largest bones of the faee and feature eavities 
(maxillary sinuses) that are lined with a mucous membrane. 


The maxillae (singular, maxilla), or maxillary bones , articulate with all other 
faeial bones except the mandible ( gure 6.3d, p. 136). The orbital surface 
proteets the eye and other structures in the orbit igure 6.12a] . The frontal 
proeess of eaeh maxilla articulates with the frontal bone of the eranimn and 
with a nasal bone. The alveolar proeesses of the maxillae eontain the upper 
teeth. An elongated inferior orbital fissure within eaeh orbit lies between 
the maxillae and the sphenoid. The infra-orbital foramen penetrates the 
orbital rim and earries a major faeial sensory nerve. In the orbit, this nerve 
runs along the infra-orbital groove ogure 6.1 before passing through 
the inferior orbital fissure and the foramen rotundum to reaeh the brain 
stem. 

The large maxillary sinuses are seen in a medial view and in a horizon- 
tal seetion gure 6.12b,c]. These are the largest sinuses in the skull; they 
lighten the portion of the maxillae superior to the teeth and produce mucus 
that flushes the inferior smfaees of the nasal eavities. The seetional view also 
shows the extent of the palatine proeesses that form most of the bony pal- 
ate, or bony roof, of the mouth. The ineisive fossa on the inferior midline of 
the palatine proeess marks the openings of the ineisive eanals gure 6.3e’ , 
which eontain small arteries and nerves. 

The Palatine Bones 

► KEY POINT The two palatine bones form the most posterior part of the oral 

eavity roof. These small bones ean be seen from the inferior view of the skull. 

The palatine bones are small, L-shaped bones 'igure 6.1 . The horizontal 

plates articulate with the maxillae to form the posterior portions of the bony 
palate gure 6.12c]. On its inferior surface, a greater palatine groove lies 
between the palatine bone and the maxilla on eaeh side. The left and right 
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Figure 6.1 The Cranial Fossae. Cranial fossae are curved depressions in the cranium. 
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Figure 6.1 The Maxillae. Views of the right maxilla showing major anatomieal landmarks. 
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Figure 6.1 The Palatine Bones. Views of the palatine bones showing major anatomieal landmarks. 
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palatine bones join at the nasal erest, a ridge that articulates with the vomer. 
The perpendicular plate of the palatine bone forms the vertieal portion of the 
“L,” which articulates with the maxillae, sphenoid, ethmoid, and inferior nasal 
eoneha. The medial surface of the perpendicular plate has two ridges: the eon- 
ehal erest, which articulates with the inferior nasal eoneha, and the ethmoidal 
erest, which articulates with the middle nasal eoneha of the ethmoid. The 
orbital proeess, a part of the perpendicular plate of the palatine bone, forms a 
small portion of the posterior floor of the orbit "gure 6.15 . 


The Nasal Bones 

► KEY POINT The nasal bones are small, paired bones that form the bony 
portion of the nose. 

The paired nasal bones articulate with the frontal bone at the frontonasal 
suture at the midline of the faee Figure 6.3c,d . The bridge of your sun- 
glasses rests on the nasal bones. Cartilages attaehed to the inferior margins of 
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the nasal bones support the flexible portion of the nose, which extends to the 
nostrils, or nasal openings. The lateral edge of eaeh nasal bone articulates with 
the frontal proeess of a maxilla 1gures 6.3c and 6.1 . 

The Inferior Nasal Conchae 

► KEY POINT The inferior nasal eonehae are small bones within the nasal eav- 
ity. Their shape causes air to swirl when you breathe through your nose, which 
warms, moistens, and deanses the air. 

The inferior nasal eonehae are paired seroll-like bones that resemble the 
superior and middle eonehae of the ethmoid. One inferior eoneha is found on 
eaeh side of the nasal septum, attaehed to the lateral wall of the nasal eavity 
gures 6.3d and 6.16] . They have the same functions as the eonehae of the 
ethmoid. 

The Zygomatie Bones 

► KEY POINT The zygomatie bones form the lateral part of the orbit of the eye 
and the anterior portion of the "eheekbones." 

As noted earlier, the temporal proeess of the zygomatie bone articulates 
with the zygomatie proeess of the temporal bone to form the zygomatie areh 
gure 6,3c f d . A zygomatieofaeial foramen on the anterior surface of 
eaeh zygomatie bone earries a sensory nerve innervating the eheek. The zygo- 
matie bone also forms the lateral rim of the orbit and contributes to the infe- 
rior orbital wall gure 6.15] . 

The Laerimal Bones 

► KEY POINT The laerimal bones are small, paired bones that form the medial 
portion of the orbit of the eye. Your tear ducts pass through these bones. 

The paired laerimal bones ( laerima , tear) are the smallest bones in the 
skull. Eaeh laerimal bone is found in the medial portion of the orbit, 
where it articulates with the frontal bone, maxilla, and ethmoid. A shallow 


depression, the laerimal groove, or laerimal sulcus, leads to the nasolaerìmal 
eanal, a narrow passageway formed by the laerimal bone and the max- 
illa. This eanal eneloses the tear duct as it passes toward the nasal eavity 

( gures 6.3c,d and 6.15). 

The Vomer 

► KEY POINT The vomer is a singular bone of the faee that forms the inferior 
portion of the nasal septum. 

The vomer ( igure 6.5 , p. 139) is loeated on the floor of the nasal eavity and 
articulates with both the maxillae and palatine bones along the midline. The 
vertieal portion of the vomer is thin. Its curving superior surface articulates 
with the sphenoid and the perpendicular plate of the ethmoid, forming a bony 
nasal septum ( septum , wall) that separates the right and left nasal eavities 
gure 6.3d,e]. Anteriorly, the vomer supports a cartilaginous extension of 
the nasal septum that continues into the fleshy portion of the nose and sepa- 
rates the nostrils. 

The Mandible 

► KEY POINT The mandible forms the lower jaw. 

The mandible is subdivided into the horizontal body and the aseending 
ramus of the mandible on either side 1gures 6.3c,d and 6.14' . The man- 
dibular body supports the teeth. Eaeh ramus meets the body at the angle of 
the mandible. The eondylar proeesses extend to the smooth articular surface 
of the head of the mandible. The head articulates with the mandibular fos- 
sae of the temporal bone at the temporomandibular joint (TMJ). This joint is 
quite mobile, as evideneed by jaw movements during chewing or talking. The 
disadvantage of such mobility is that forceful forward thmsting or side-to-side 
movements of the mandible ean easily disloeate the jaw. 

The temporalis muscle, one of the strongest muscles involved with elosing 
the mouth, inserts onto the mandible at the eoronoid (kor-ò-noyd) proeess. 
Anteriorly, the mental foramina ( mentalis , ehin) penetrate the body on eaeh 


Figure 6.14 The Mandible. Views of the mandible showing major anatomieal landmarks. 
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side of the ehin. Nerves pass through these foramina, earrying sensory infor- 
mation from the ehin and the lower lips baek to the brain. The mandibular 
noteh is the depression between the eondylar and eoronoid proeesses. 

The alveolar part of the mandible is a thiekened area that surrounds and 
supports the roots of the lower teeth gure 6.14b). The mylohyoid line on 
the medial aspeet of the body of the mandible marks the origin of the mylohy- 
oid muscle that supports the floor of the mouth and tongue. The submandibular 
salivary gland lies in the siibmandibiilar fossa, a depression loeated inferior 
to the mylohyoid line. Near the posterior, superior end of the mylohyoid line, 
a prominent mandibular foramen leads into the mandibular eanal. This 
eanal is a passageway for blood vessels and nerves that serviee the lower teeth. 
The nerve that uses this passage earries sensory information from the teeth and 
gums. Dentists anesthetize this nerve before working on the lower teeth. 



CONCEPT CHECK 

8 What are the names and fiinetions of the faeial bones? 


See the blue Ansvvers tab at the baek of the book. 


6.5 The Orbits, Nasal Complex and the 

Hyoid Bone 

► KEY POINT Several faeial bones articulate with eranial bones to form the 
orbit surrounding eaeh eye and the nasal complex surrounding the nasal eavities. 

The Orbits 

► KEY POINT Seven bones form the orbits of the eye. 

The orbits are the bony reeesses that enelose and proteet the eyes gure 6.1! . 
In addition to the eye, eaeh orbit also houses a laerimal gland, adipose tissue, mus- 
eles that move the eye, blood vessels, and nerves. The frontal bone forms the roof, 


and the maxilla forms most of the floor of the orbit. Proeeeding from medial to lat- 
eral, the first portion of the wall of the orbit is formed by the maxilla, the laerimal 
bone, and the lateral mass of the ethmoid, which articulates with the sphenoid 
and a small proeess of the palatine bone. The sphenoid forms most of the posterior 
orbital wall. Several prominent foramina and fissures penetrate the sphenoid or lie 
between the sphenoid and maxilla. Laterally, the sphenoid and maxilla articulate 
with the zygomatie bone, which forms the lateral wall and rim of the orbit. 

The Nasal Complex 

► KEY POINT Seven bones form the nasal complex. 

The nasal complex eonsists of the bones and eartilage that enelose the nasal 
eavities and the paranasal sinuses. The nasal complex extends from the nostrils 
lgure 24.3 to the posterior nasal apertures ure 6.3e]. 

The frontal bone, sphenoid, and ethmoid form the superior wall of the 
nasal eavities. The perpendicular plate of the ethmoid and the vomer form 
the bony portion of the nasal septum gures 6.Í , p. 139, and 6.16 . The 
lateral walls are formed by the maxillae, the laerimal bones, the ethmoid, and 
the inferior nasal eonehae. The maxillae and nasal bones support the bridge 
of the nose. The soft tissues of the nose enelose the anterior extensions of 
the nasal eavities. Cartilaginous extensions of the bridge of the nose and the 
nasal septum support the nasal eavities. 

The Paranasal S nuses 

The frontal bone, sphenoid, ethmoid, and maxillae eontain the paranasal 
sinuses, air-filled ehambers that open into the nasal eavities. igure 6.16 
shows the loeation of the frontal, sphenoidal, and maxillary sinuses and 
the ethmoidal eells. These sinuses lighten the skull, produce mucus, and res- 
onate when a person produces any sound. The mucus is released into the nasal 
eavities, and the eiliated epithelium moves the mucus baek toward the throat, 
where it is swallowed. ineoming air is humidified and warmed as it flows aeross 
this earpet of mucus. Foreign particulate matter, such as dust and mieroorgan- 
isms, beeomes trapped in this stieky mucus and is also swallowed. This meeha- 
nism proteets the delieate gas exchange surfaces of the lungs. 


Figure 6.1 The Orbital Complex. The structure of the orbital complex on the right side. Seven 
bones form the bony orbit, vvhieh eneloses and proteets the right eye. 
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Figure 6.16 The Nasal Complex and Paranasal Sinuses. Seetions through the skull and head showing 
relationships among the bones of the nasal complex and the positions of the paranasal sinuses. 
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The Hyoid Bone 

► KEY POINT The hyoid bone is the attaehment site for several bones of the 
tongue and larynx. The hyoid is the only bone of the skull that is not attaehed to 
another bone. 

The hyoid bone lies inferior to the skull, suspended by the stylohyoid 
ligaments Figure 6.1 / . The body of the hyoid serves as a base for several 
muscles that move the tongue and larynx. Because muscles and ligaments 
form the only eonneetions between the hyoid and other skeletal structures, 
the entire complex is quite mobile. The larger proeesses on the hyoid are the 
greater horns, which support the larynx and serve as the base for muscles 
that move the tongue. The lesser horns are eonneeted to the stylohyoid liga- 
ments. The hyoid and larynx hang beneath the skull from these ligaments as 
a swing hangs from a tree limb. 

CONCEPT CHECK 

9 What are the functions of the paranasal sinuses? 

10 Which bones form the orbital complex? 

See the blue Ansvvers tab at the baek of the book. 

The Skiills of Infants, diildren, 
and Adiilts 

► KEY POINT Bones of the cranium, which are formed by intramembranous 
ossifieation, are not eompletely ossified at birth. These areas of ineomplete ossifi- 
eation are ealled fontanelles, the "soft spots" of an infant's skull. 

Many different ossifieation eenters are involved in forming the skull. As devel- 
opment proeeeds, these eenters fuse, reducing the number of individual bones. 
However, fusion is still not eomplete at birth; there are two frontal bones, four 
oeeipital bones, and several sphenoid and temporal elements. 


The skull organizes around the developing brain. As birth approaehes, 
the brain enlarges rapidly. Although the bones of the skull are also grow- 
ing, they fail to keep paee, and at birth areas of fibrous eonneetive tissue 
eonneet the eranial bones. These eonneetions are flexible, and the skull ean 
be distorted without damage during delivery, which eases the passage of 
the infant through the birth eanal. The largest fibrous regions between the 
eranial bones are known as fontanelles (fon-tah-NELS; sometimes spelled 
fontanels) gure 6.18): 

■ The anterior fontanelle is the largest. It lies at the junction of the fron- 
tal, sagittal, and eoronal sutures. 

■ The posterior fontanelle is at the junction between the lambdoid and 
sagittal sutures. 

■ The sphenoidal fontanelles are at the junctions between the squamous 
sutures and the eoronal suture. 

■ The mastoid fontanelles are at the junctions between the squamous 
sutures and the lambdoid suture. 

The skulls of infants and adults differ in the shape and structure of eranial 
elements, and this differenee accounts for variations in both proportion and 
size. The most signifieant growth in the skull occurs before age 5, at which 
point the brain stops enlarging and the eranial sutures develop. As a result, 
when eompared with the skull as a whole, the cranium of a young ehild is rela- 
tively larger than that of an adult. 

6.6 CONCEPT CHECK 

11 What are fontanelles? 

12 What are the names and loeations of the four 
fontanelles of the fetal skull? 

See the blue Ansvvers tab at the baek of the book. 




Figure 6.1 The Hyoid Bone 
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Figure 6.18 The Skull of an Infant. The flat bones in the infant skull are separated by fontanelles, 
which allow for eranial expansion and the distortion of the skull during birth. By about age 5 these 
areas wi11 disappear, and sku11 growth will be eompleted. 
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CLINICAL NOTE 


CoccygeaE Fractures 


During vaginal delivery, a baby's head, faee, or shoulder ean 
fracture or disloeate a woman's coccyx, causing a eoeeygeal 
fracture. When a eoeeygeal fracture occurs due to a difficult vagi- 
nal delivery, the distal segment tilts backward. When a eoeeygeal 
fracture occurs due to a fall on the buttocks, the distal segment of 
the coccyx tilts forward. 
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6.7 The Vertebral Column 

► KEY POINT The vertebral column is eomposed of 7 eervieal vertebrae, 12 tho- 
raeie vertebrae, 5 lumbar vertebrae, 5 saeral vertebrae, and 3 to 5 eoeeygeal ver- 
tebrae. The saeral vertebrae fuse to form the sacrum, and the eoeeygeal vertebrae 
fuse to form the coccyx. 

The rest of the axial skeleton is subdivided into the vertebral column and rib 
eage. The vertebrae support the weight of the head, neek, and trunk and trans- 
fer that weight to the appendicular skeleton of the lower limbs. The vertebrae 
also proteet the spinal eord, provide a passageway for spinal nerves that begin 
or end at the spinal eord, and maintain an upright body position during sitting 
or standing. 

The vertebral column is divided into the eervieal, thoraeie, lumbar, 
saeral, and eoeeygeal regions gure 6.19]. Eaeh region has different func- 
tions; as a result, vertebrae within eaeh region have anatomieal speeializations 
that allow for these functional differenees. In addition, the vertebrae loeated 
at the junction between two regions of the vertebral column share some ana- 
tomieal eharaeteristies of the region above and the region below. 

Seven eervieal vertebrae make up the neek and extend inferiorly to the 
trunk. The first eervieal vertebra forms a pair of joints, or articulations, with 
the oeeipital eondyles of the skull. The seventh eervieal vertebra articulates 
with the first thoraeie vertebra. Twelve thoraeie vertebrae form the midbaek 
region, and eaeh forms joints with one or more pairs of ribs. The 12th tho- 
raeie vertebra articulates with the first lumbar vertebra. Five lumbar verte- 
brae form the lower baek; the fifth articulates with the sacrum, which in 
turn articulates with the coccyx. During development, the saemrn starts as 
a group of five vertebrae, and the coccyx (KOK-siks), or “tailbone,” begins 
as three to five small individual vertebrae. Fusion of the vertebrae of the 
saerrnn is usually eomplete by age 25. Fusion of the distal eoeeygeal verte- 
brae occurs at a variable paee, and eomplete fusion may not occur at all in 
some adults. The total length of the vertebral column of an adult averages 
71 em (28 in.). 

Spinal Curves 

► KEY POINT The four curves of the vertebral column establish the body's 
eenter of gravity, balanee the head at the top of the vertebral column, and per- 
mit upright walking and running. 

The vertebral column is not a straight and rigid structure. A side view of 
the adult vertebral column shows four spinal curves: the eervieal curve, 
thoraeie curve, lumbar curve, and saeral curve. The development of 
the spinal curves from fetus to newborn, ehild, and adult is illustrated in 

Figure 16.9. 

When you are standing, the weight of your body is transmitted through the 
vertebral column to the hips and the lower limbs. Most of the body weight lies 
in front of the vertebral column. The spinal curves bring the body weight in line 
with the body axis and its eenter of gravity. Consider what people do automati- 
eally when they stand holding a heavy objeet: To avoid falling forward, they exag- 
gerate the lumbar curve, bringing the weight and eenter of gravity eloser to the 
body axis. This posture ean lead to diseomfort at the base of the spinal column. 
Similarly, women in the last three months of pregnaney often develop ehronie 
baek pain from the ehanges in the lumbar curve that adjust for the inereasing 
weight of the fetus. 


Vertebral Anatomy 

► KEY POINT The vertebrae enelose and proteet the spinal eord. Structures on 
the vertebrae feature proeesses for muscle attaehments and for joint formation 
between adjaeent vertebrae or between vertebrae and ribs. 

Eaeh vertebra (pleural, vertebrae) has a eommon structural plan gure 6.20' . 
Anteriorly, eaeh vertebra has a relatively thiek, spherieal to oval body. A vertebral 
areh extends posteriorly from the body of the vertebra. Various proeesses for muscle 
attaehment or for rib articulation extend from the vertebral areh. Paired articulat- 
ing proeesses on the superior and inferior surfaces projeet from the vertebral areh. 

The Vertebral Body 

The vertebral body transfers weight along the axis of the vertebral column 
gure 6.20e] . Eaeh vertebra articulates with neighboring vertebrae; the bod- 
ies are intereonneeted by ligaments and separated by pads of fibrous eartilage, 

the intervertebral dises. 

The Vertebral Areh 

The vertebral areh forms the lateral and posterior margins of the vertebral 
foramen that surrounds a portion of the spinal eord gure 6.20a,c). The ver- 
tebral foramen has a floor (the posterior surface of the body), walls (the pedieles), 
and a roof (the lamina). The pedieles (PED-i-kels) arise along the posterolateral 
(posterior and lateral) margins of the body. The laminae (LAM-i-né; singular, 
lamina ; “thin layer”) extend dorsomedially (toward the baek and middle) to eomplete 
the roof. From the fusion of the laminae, a spinoiis proeess projeets posteriorly 
and often caudally from the midline. These proeesses ean be seen and felt through 
the skin of the baek. Transverse proeesses projeet laterally or dorsolaterally on 
both sides from the point where the laminae join the pedieles. These proeesses are 
sites of muscle attaehment, and they may also articulate with the ribs. 

The Articular Proeesses 

The articular proeesses are seen at the junction between the pedieles and 
laminae. There is a superior articular proeess and an inferior articular 
proeess on eaeh side of the vertebra gure 6.20 . 

Vertebral Articulation 

The inferior articular proeesses of one vertebra articulate with the superior articular 
proeesses of the more caudal vertebra. Eaeh articular proeess has a polished surface 
ealled an articular faeet. The superior proeesses have articular faeets on their pos- 
terior surfaces, whereas the inferior proeesses articulate along their anterior surfaces. 

The vertebral foramina of the vertebral column together form the vertebral 
eanal, a spaee that eneloses the spinal eord. However, the spinal eord is not 
eompletely eneased in bone. The intervertebral dises separate the vertebral bod- 
ies, and between the pedieles of adjaeent vertebrae are gaps ealled intervertebral 
foramina gure 6.20] . Nerves mnning to and from the spinal eord pass 
through these intervertebral foramina. 

Vertebral Regions 

► KEY POINT All vertebrae are fiindamentally alike, sharing eommon eharae- 
teristies and structures. Various minor differenees exist among vertebrae from the 
five regions of the vertebral column. These differenees determine the vertebral 
regions' basie functions. 
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Figiire 6.19 The Vertebral Column. Lateral views of the vertebral column. 
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Figure 6.20 Vertebral Anatomy. The anatomy of a typieal vertebra and the arrangement of 
articulations betvveen vertebrae. 
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VVhen referring to vertebrae, a eapital letter indieates the vertebral region, and a 
siibseript number indieates the speeifie vertebra, starting with the eervieal ver- 
tebra elosest to the skull. For example, C 3 refers to the third eervieal vertebra; 
L 4 is the fourth lumbar vertebra gure 6.19a' . 

Although eaeh vertebra bears eharaeteristie markings and articulations, 
focus on the general eharaeteristies of eaeh region and how the regional varia- 
tions determine the vertebral group’s basie function. Table 6.3 eompares typi- 
eal vertebrae from eaeh region of the vertebral column. 


Cervical Vertebrae 

The seven eervieal vertebrae are the smallest of the vertebrae ure 6.2 . 

They extend from the oeeipital bone of the skull to the thorax. As you will 
see, the first, seeond, and seventh eervieal vertebrae possess unique eharae- 
teristies and are termed atypieal eervieal vertebrae, whereas the third through 
the sixth display similar eharaeteristies and are termed typieal eervieal ver- 
tebrae. The body of a eervieal vertebra is small eompared with the size of the 
triangular vertebral foramen. At the eervieal level, the spinal eord eontains 
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Figure 6.2 Cervical Vertebrae. These are the smallest and most 
superior vertebrae. 
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most of the nerves that eonneet the brain to the rest of the body. As you 
continue caudally along the vertebral eanal, the diameter of the spinal eord 
deereases, and so does the diameter of the vertebral foramina. Cervical ver- 
tebrae support only the weight of the head, so the vertebral bodies ean be 
relatively small and light. Continuing caudally along the vertebral column, 
the vertebrae support more and more weight, and the vertebral bodies grad- 
ually enlarge. 

In a typieal eervieal vertebra (C 3 -C 6 ), the spinous proeess is stumpy and 
shorter than the diameter of the vertebral foramen. The tip of eaeh proeess 
other than C 7 has a prominent noteh. A notehed spinous proeess is deseribed 
as bifid (Bl-fid; bifidus, split in two parts). Laterally, the transverse proeesses 
are fused to the eostal proeesses that originate near the ventrolateral portion 
of the vertebral body. Gostal refers to a rib, and these proeesses represent the 
fused remnants of eervieal ribs. The eostal and transverse proeesses eneirele the 
round transverse foramina. These foramina proteet the vertebral arteries and 
vertebral veins, important blood vessels supplying the brain. 
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Superior view of the vertebra in (b). Note the 
eharaeteristie features listed in Table 6.3. 



CLINICAL NOTE 


Spina Bifida 


Spina bifida is a eongenital neural tube defeet in vvhieh 
part of the spinal eord is exposed through a gap in the 
vertebral arehes. During the third week of embryonie development, 
the vertebral arehes form around the developing spinal cord # known 
as the neural tube. If this neural tube fails to form eompletely, 
the fetal spinal column does not elose eompletely. Spinal eord 
development may also be ineomplete, causing paralysis of the legs. 
Consuming enough folie aeid before and during pregnaney prevents 
most neural tube defeets. Spina bifida affeets 1,500 babies every 
year in the Llnited States. 




Table 6.3 Regional Differenees in Vertebral Structure and Function 


Type Number 

Vertebral Body 

Vertebral 

Foramen 

Spinous Proeess 

Transverse Proeess 

Functions 

Cervical vertebrae (7) 

(Figure 6.21) 

Small; oval; curved faees 

Large 

Long; split; tip points 
inferiorly 

Has transverse 
foramen 

Support skull; stabilize relative positions of 
brain and spinal eord; allow eontrolled head 
movement 

Thoraeie vertebrae (12) 

(Figure 6.23) 

Medium; heart-shaped; 
flat faees; faeets for rib 
articulations 

Smaller 

Long; slender; not 
split; tip points 
inferiorly 

All but two (T 11f T 12 ) 
have faeet for rib 
articulation 

Support weight of head, neek, upper limbs, 
organs of thoraeie eavity; articulate with ribs 
to allow ehanges in volume of thoraeie eage 

Lumbar vertebrae (5) 

(Figure 6.24) 

Massive; oval; flat faees 

Smallest 

Blunt; broad tip 
points posteriorly 

Short; no articular 
faeets or transverse 
foramen 

Support weight of head, neek, upper limbs, 
organs of thoraeie and abdominal eavities 
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When eervieal vertebrae C 3 -C 7 articulate, their interloeking vertebral 
bodies permit a relatively greater degree of flexibility than do those of other 
regions. Table 6.3 summarizes the features of eervieal vertebrae. 

The Atlas (C t ) 

Articulating with the oeeipital eondyles of the skull, the atlas (C^) holds up 
the head ure 6.22a,b' . It is named after Atlas, a figure in Greek mythology 
who held up the world. The articulation between the oeeipital eondyles and 
the atlas is a joint that permits nodding (as when indieating “yes”) but pre- 
vents twisting. The atlas differs from the other vertebrae in several important 
ways: (1) laeking a body; (2) possessing semicircular anterior and posterior 
vertebral arehes, eaeh eontaining anterior and posterior tubercles; (3) 
eontaining oval superior articular faeets and round inferior articular 
faeets; and (4) having the largest vertebral foramen of any vertebra. These 
modifieations provide more free spaee for the spinal eord, which prevents the 
eord from damage during the wide range of movements possible in this region. 
The atlas articulates with the seeond eervieal vertebra, the axis. 

The Axis (C ) 

During development, the body of the atlas fuses to the body of the seeond eer- 
vieal vertebra, ealled the axis (C 2 ) gure 6.22c,d]. ( Refer to Chapter 12, 
( gure 12.9, to vismlize this structure in a eross seetion of the body.) This 
fusion ereates the prominent dens of the axis. Therefore, there is no inter- 
vertebral dise between the atlas and the axis. A transverse ligament binds the 
dens to the inner surface of the atlas, allowing for rotation of the atlas and 
skull, permitting the head to turn from side to side (as when indieating “no”; 

Lgure 6.22e,l). Important muscles eontrolling the position of the head and 
neek attaeh to the spinous proeess of the axis. 

In a ehild, the fusion between the dens and axis is ineomplete; impaets or 
even severe shaking disloeates the dens and severely damages the spinal eord. In 
an adult, a hit to the base of the skull ean be equally dangerous because disloeating 
the axis-atlas joint ean foree the dens into the base of the brain, with fatal results. 

Vertebra Prominens (C ) 

The transition from one vertebral region to another is not abrupt, and the last 
vertebra of one region usually resembles the first vertebra of the next. The 
vertebra prominens (C 7 ) has the most prominent spinous proeess. Its long, 
slender spinous proeess ends in a broad tubercle. You ean feel C 7 beneath 
the skin at the base of the neek. This vertebra, shown in ures 6.21 a and 
6.23a, is the junction between the eervieal curve, which arehes anteriorly, and 
the thoraeie curve, which arehes posteriorly. The transverse proeesses on C 7 
are large, providing additional surface area for muscle attaehment, and the 
transverse foramina are smaller or absent. A large elastie ligament, the 
ligamentum miehae (lig-a-MEN-tum NU-kè; nucha, nape), begins at the ver- 
tebra prominens and extends eranially to attaeh to the spinous proeesses of the 
other eervieal vertebrae and to the external oeeipital erest of the skull. When 
the head is upright, this ligament aets like a bow string, maintaining the eervi- 
eal curvature without muscular effort. If the neek is bent forward, the elastieity 
in this ligament helps return the head to an upright position. 

The head is relatively massive, and it sits atop the eervieal vertebrae like 
a soup bowl on the tip of a finger. With this arrangement, small muscles 
ean produce signifieant effeets by tipping the balanee one way or another. 
But if the body suddenly ehanges position, as in a fall or during rapid aeeel- 
eration (a jet taking off) or deeeleration (a ear erash), the balaneing mus- 
eles are not strong enough to stabilize the head. A dangerous partial or 
eomplete disloeation of the eervieal vertebrae ean result, injuring muscles 
and ligaments and potentially injuring the spinal eord. The term whiplash 
deseribes such an injury because the movement of the head resembles the 
eraeking of a whip. 


Thoraeie Vertebrae 

There are 12 thoraeie vertebrae. A typieal thoraeie vertebra has a distinetive 
heart-shaped body that is larger than that of a eervieal vertebra gure 6.2 . 

The round vertebral foramen is smaller than that of a eervieal vertebra, and the 
long, slender spinous proeess projeets posterocaudally. The spinous proeesses of 
T 10 , T n , and T 12 resemble those of the lumbar vertebrae more and more as the 
transition between the thoraeie and lumbar curves approaehes. Because of the 
amount of weight supported by the lower thoraeie and lumbar vertebrae, it is 
difficult to stabilize the transition between the thoraeie and lumbar curves. As a 
result, eompression fracture disloeations after a hard fall often involve the last 
thoraeie and first two lumbar vertebrae. 

Eaeh thoraeie vertebra articulates with ribs along the vertebral body along 
the dorsolateral smfaees. The loeation and structure of the articulations vary 
from vertebra to vertebra iigure 6.23b,c). Thoraeie vertebrae T^ to T 8 have 
both superior and inferior eostal faeets, as they articulate with two pairs 
of ribs. Vertebrae T 9 to T 12 have only a single eostal faeet on eaeh side, as they 
articulate with only one pair of ribs. 

The transverse proeesses of vertebrae T^ to T 10 are thiek, and their antero- 
lateral surfaces eontain transverse eostal faeets for articulation with the rib 
tubercles. As a result, ribs 1 through 10 eontaet their vertebrae at two points: 
at a eostal faeet and at a transverse eostal faeet, limiting the mobility of the 
thoraeie vertebrae. Table 6.3, p. 161, summarizes the features of the thoraeie 
vertebrae. 

Lumbar Vertebrae 

The liimbar vertebrae are the largest vertebrae. The body of a lumbar ver- 
tebra is thieker than that of a thoraeie vertebra, and the superior and infe- 
rior surfaces are oval rather than heart-shaped gure 6.24 . There are no 
articular faeets for ribs on either the body or the transverse proeesses, and 
the vertebral foramen is triangular. The transverse proeesses are slender and 
projeet dorsolaterally, and the stumpy spinous proeesses projeet posteriorly. 

The lumbar vertebrae bear the most weight. For this reason, a eompression 
injury to the vertebrae or intervertebral dises occurs most often in this region. 
The most eommon injury is a tear or rupture in the eonneetive tissues of the 
intervertebral dise, a eondition known as a herniated dise. The massive spinous 
proeesses of the lumbar vertebrae provide surface area for the attaehment of 
lower baek muscles that reinforee or adjust the lumbar curvature. Table 6.3, 
p. 161, summarizes the eharaeteristies of lumbar vertebrae. 

The Sacrum 

The saemm eonsists of the fused eomponents of five saeral vertebrae 
gure 6.21 . These vertebrae begin fusing shortly after puberty and are eom- 
pletely fused between ages 25 and 30. When this fusion is eomplete, promi- 
nent transverse lines mark the former boundaries of individual vertebrae. The 
saemrn proteets reproductive, digestive, and excretory organs and, by paired 
articulations, attaehes the axial skeleton to the pelvie girdle of the appendicular 
skeleton. The broad surface area of the saemrn provides an extensive area for 
muscle attaehment, espeeially those muscles responsible for movement of the 
thigh. (Refer to Ghapter 12, igure 12.14, to visua\ize this strnetme in a eross 
seetion ofthe body at the level ofL 5 .) 

The saemm is curved, with a convex posterior surface Figure 6.25a). The 
narrow, caudal portion is the saeral apex, whereas the broad superior surface 
forms the base. The saeral promontory, a prominent bulge at the anterior 
tip of the base, is an important landmark in females during pelvie examina- 
tions and during labor and delivery. The superior articular proeesses form 
synovial joints with the last lumbar vertebra. The saeral eanal begins between 
the superior articular proeesses and extends caudally the length of the saemm. 
Nerves and membranes that line the vertebral eanal and the spinal eord eon- 
tinue into the saeral eanal. 
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Figure 6.2 Atlas and Axis. Unique anatomieal eharaeteristies of vertebrae Q (atlas) and C 2 (axis). 
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Figure 6.2 Thoraeie Vertebrae. The body of eaeh thoraeie vertebra articulates with ribs. Note the 
eharaeteristie features listed in Table 6.3. 
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A representative thoraeie vertebra, posterior view 






The spinous proeesses of the five fused saeral vertebrae form a series of 
elevations along the median saeral erest. The laminae of the fifth saeral ver- 
tebra do not eontaet one another at the midline, and they form the saeral 
cornua (singular cornu; “horn”). These ridges establish the margins of the 
saeral hiatus (h!-À-tus), the end of the saeral eanal. In life, this opening is 


eovered by eonneetive tissues. On both sides of the median saeral erest are 
the saeral foramina. The intervertebral foramina, now enelosed by the fused 
saeral bones, open into these passageways. A broad saeral wing, or ala, extends 
laterally from eaeh lateral saeral erest. The median and lateral saeral erests 
provide surface area for the attaehment of lower baek and hip muscles. 
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Figure 6.24 Lumbar Vertebrae. The liimbar vertebrae are the largest vertebrae and bear the most 
vveight. 
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Viewed laterally, the saeral curve is more apparent igure 6.25b . 
The curvature is greater in males than in females (see Table 7.1). Laterally, 
the auricular surface of the saemrn articulates with the pelvie girdle at the 
saero-iliae joint. Posterior to the auricular surface is a roughened area, 
the saeral tuberosity, which marks the attaehment of a ligament that stabilizes 
the saero-iliae joint. The anterior surface, or pelvie surface, of the saemrn is 
eoneave |ure 6.25c). At the apex, a flattened area articulates with the eoe- 
cyx. The wedge-like shape of the mature saemm provides a strong foundation 
for transferring the body’s weight from the axial skeleton to the pelvie girdle. 

The Coccyx 

The small coccyx eonsists of three to five (most often four) eoeeygeal ver- 
tebrae that have begun fusing by age 26 tjure 6.2E . The coccyx is an 
attaehment site for a number of ligaments and for a muscle that eonstriets 
the anal opening. The first two eoeeygeal vertebrae have transverse proeesses 
and unfused vertebral arehes. The prominent laminae of the first eoeeygeal 


vertebra are known as the eoeeygeal cornua; they curve to meet the cornua of 
the saemm. The eoeeygeal vertebrae do not eomplete their fusion until late in 
adulthood. In males, the adult coccyx points anteriorly, whereas in females, it 
points inferiorly. In very elderly people, the coccyx may fuse with the saemm. 



CONCEPT CHECK 

13 Joe suffered a hairline fracture (fracture without 
separation of the fragments) at the base of the dens. 
What bone is fractured, and where would you find it? 

14 What are the five vertebral regions? What are the 
identifying features of eaeh region? 

15 List the spinal curves in order from superior to inferior. 


See the blue Ansvvers tab at the baek of the book. 
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Figure 6.2 The Sacrum and Coccyx. Fused vertebrae form the adult sacrum and coccyx. 
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CLINICAL NOTE 


Kyphosis, Lordosis, and Seoliosis 


The vertebral column, with its many bones and 
joints # must rnove, balanee, and support the trunk 


and head. 


Kyphosis (kT-FÓ-sis) is an exaggeration of the norma 
posterior curvature of the thoraeie spine, producing a 
"round baek" deformity. This ean occur at any age # but 
is more eommon in elderly individuals. It is often related 
to eompression fractures of the anterior vertebral 
bodies or poor posture. Severe eases ean cause pain 
and disfigurement. 

Lordosis (lór-DÓ-sis), or "swayback," is an abnormal 
anterior curvature of the lumbar spine. Lordosis may 
result from abdominal wall obesity, pregnaney, or 
weakness of the trunk rrmseles. 




Seoliosis (skò-lé-Ò-sis) is an abnormal lateral 
curvature of the spine. Seoliosis may result from abnormal 
growth of one or more vertebral bodies. It may also be 
the result of muscular imbalanee from muscular dystrophy 
or eerebral palsy. It is eommon for seoliosis to develop in 
adoleseent girls during their "growth spurt." The cause of 
this adoleseent seoliosis is often idiopathie, or unknown. 
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The Ribs 


6.8 The Thoraeie Cage 

► KEY POINT The skeleton of the thoraeie eage (ehest) is eomposed of the ribs, 
eostal eartilages, and sternum. 

The thoraeie eage j igure 6.26a,c) serves two functions: 

■ Proteets the heart, lungs, thymus, and other structures in the thoraeie eavity and 

■ Serves as an attaehment point for muscles involved with (1) breathing, (2) 
maintaining the position of the vertebral column, and (3) movements of 
the peetoral girdle (elavieles and scapulae) and upper limbs. 


► KEY POINT Ribs are elongated, curved, flattened bones that form the bor- 
ders of the rib eage. All ribs attaeh posteriorly to or between thoraeie vertebrae. 
Only the first seven ribs attaeh to the sternum anteriorly. 

There are 12 pairs of ribs gure 6.26 . The upper first seven pairs are true 
ribs, or vertebrosternal ribs. Anteriorly, the true ribs are eonneeted to the sternum 
by separate eartilages, the eostal eartilages. Beginning with the first rib, the 
vertebrosternal ribs gradually inerease in length and in the radius of curvature. 

Ribs 8-10 are ealled false ribs or vertebroehondral ribs, because they do not 
attaeh direetly to the sternum. The eostal eartilages of ribs 8-10 fuse together 


Figure 6.26 The Thoraeie Cage 
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before reaehing the sternum ure 6.26a). The last two pairs of ribs are 
ealled floating ribs because they have no eonneetion with the sternum. 

Figure 6.26c shows the superior surface of the vertebral end of a rib. The 
head of eaeh rib articulates with the body of a thoraeie vertebra or between 
adjaeent vertebral bodies. After a short neek, the tubercle projeets posteriorly. 
The inferior portion of the tubercle eontains an articular faeet that eontaets 
the transverse proeess of thoraeie vertebrae T^ to T n . When the rib articulates 
between adjaeent vertebrae, the interarticular erest divides the articular sur- 
faee into superior and inferior articular faeets Figure 6.26c,d . Ribs 1 
through 10 originate at eostal faeets on the bodies of vertebrae T^ to T 10 . The 
articular faeets articulate with the transverse eostal faeets of their respeetive 
vertebrae. Ribs 11 and 12 originate at eostal faeets on T n and T 12 . These ribs 
do not have tubercular faeets and do not articulate with transverse proeesses. 
The differenee in rib orientation and articulation with the vertebral column 
ean be seen by eomparing gures 6.2 , p. 164, and 6.26c,d. 

The bend, or angle, of the rib indieates where the tubular body, or shaft, 
begins curving toward the sternum. The internal rib surface is eoneave, and the 
eostal groove on the inferior border marks the path of the intereostal ( inter; 
between, + eostal, ribs) nerves and blood vessels. The superficial surface is convex 
and is the attaehment site for muscles of the peetoral girdle and trunk. The inter- 
eostal muscles that move the ribs are attaehed to the superior and inferior surfaces. 

With their complex musculature, dual articulations at the vertebrae, 
and flexible eonneetion to the sternum, the ribs are quite mobile. Note how 
the ribs curve away from the vertebral column to angle downward. Func- 
tionally, a typieal rib aets as if it were the handle on a bucket, lying just 
below the horizontal plane. Pushing it down forees it inward; pulling it up 
swings it outward. In addition, because of the curvature of the ribs, the same 
movements ehange the position of the sternum. Depressing the ribs moves 
the sternum posteriorly (inward), whereas elevating the ribs moves it ante- 
riorly (outward). As a result, rib movements affeet both the width and the 
depth of the thoraeie eage, inereasing or deereasing its volume aeeordingly. 

The Sternum 

► KEY POINT The sternum has three parts and is found on the anterior wall of 
the thorax. It forms joints with the elaviele (eollarbone) and the upper seven pairs 
of ribs. 


The adult sternum is a flat bone in the anterior midline of the thoraeie wall 
(Figure 6.26a). (Refer to Chapter 12, Figures 12.2a and 12.3, to identify this 
anatomieal structure from the body smfaee .) There are three parts to the sternmn: 

■ The mamibrhim (ma-NU-bré-um), which articulates with the elavieles 
(or eollarbones ) of the appendicular skeleton and the eostal eartilages of the 
first pair of ribs. The manubrium is the widest and most superior portion of 
the sternum. The jugular noteh is the shallow indentation on the superior 
surface of the manubrium. It is loeated between the clavicular articulations. 

■ The body attaehes to the inferior surface of the manubrium and extends 
caudally along the midline. Individual eostal eartilages from rib pairs 2-7 are 
attaehed to this portion of the sternum. The rib pairs 8-10 are also attaehed 
to the body, but by a single pair of eartilages shared with rib pair 7. 

■ The xiphoid (ZÍ-foyd) proeess, the smallest part of the sternum, is attaehed 
to the inferior surface of the body. The muscular diaphragm (muscle used in 
breathing) and the rectus abdominis muscle attaeh to the xiphoid proeess. 

Ossifieation of the sternum begins in 6 to 10 different ossifieation een- 
ters, and fusion is eompleted by age 25 or later. Before age 25, the sternal body 
eonsists of four separate bones. Their boundaries are deteeted as a series of 
transverse lines erossing the adult sternum. The xiphoid proeess is the last eom- 
ponent of the sternum to undergo ossifieation and fusion. Its eonneetion to the 
body of the sternum ean be broken by an impaet or strong pressure, ereating a 
spear of bone that ean severely damage the liver. To reduce the ehanees of that 
happening, strong emphasis is plaeed on the proper positioning of the hand 
during cardiopulmonary resuscitation (CPR) training. 


6.8 CONCEPT CHECK 

16 Improper administration of CPR could fracture vvhieh 
bone? 

17 What structures are found vvithin the eostal groove? 

See the blue Ansvvers tab at the baek of the book. 


í' 


Study Outline 


introdiietion p. 132 

The skeletal system eonsists of the axial skeleton and the 
appendicular skeleton. The axial skeleton ean be subdivided into 
the skull and assoeiated bones (the auditory ossieles and hyoid 
bone), the vertebral column, and the thoraeie eage, eomposed 
of the ribs and sternum. (5ee Figure 6.1.) 

The appendicular skeleton includes the peetoral and pelvie 
girdles, vvhieh support and attaeh the upper and lovver limbs to 
the trunk. (See Figare 6.1.) 

6.1 The Skull and Assoeiated Bones p. 133 

The skull eonsists of the cranium and the bones of the faee. Skull 
bones proteet the brain and guard entranees to the respiratory 
and digestive systems. Eight skull bones form the cranium # vvhieh 
eneloses the eranial cavity # a division of the posterior body eavity. 
The faeial bones proteet and support the entranees to the 
respiratory and digestive systems. fSee Figures 6.2-6.5, 12.1, and 
12.9 and Tabies 6.1 and 6.2.) 


6.2 Sutures of the Skull p. 140 

Prominent superficial landmarks on the skull include the lambdoid, 
sagittal, eoronal, squamous, and frontonasal sutures. Sutures 

are immovable joints that form boundaries betvveen skull bones. 
(See Figure 6.3a-d and Tables 6.1 and 6.2.) 

6.3 Bones of the Cranium p. 140 

For articulations of eranial bones vvith other eranial bones and/or 
faeial bones # see Table 6.2. 

Oeeipital Bone p. 140 

The oeeipital bone forms part of the base of the skull. It surrounds 
the foramen magnum and forms part of the vvall of the jugular 
foramen. (See Figures 6.3a-c,e and 6.6a f b.) 

Parietal Bones p. 145 

The parietal bones form part of the superior and lateral surfaces 
of the cranium. (See Figure 6.3b,c, 6.5, and 6.6c.) 
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Frontal Bone p. 145 

The frontal bone forms the forehead and roof of the orbits. fSee 
Figures 6.3b-d, 6.5, and 6.7.) 

Temporal Bones p. 145 

The temporal bone forms part of the wall of the jugular foramen 
and houses the earotid eanal. The thiek petrous part of the 
temporal bone houses the tympanie eavity eontaining the auditory 
ossieles. The auditory ossieles transfer sound vibrations from the 
tympanie membrane to a fluid-filled ehamber in the internal ear. 
fSee Figures 6.3c-e and 6.8.) 

Sphenoid p. 148 

The sphenoid contributes to the floor of the cranium and is a bridge 
between the eranial and faeial bones. Optie nerves pass through the 
optie eanal in the sphenoid to reaeh the brain. Pterygoid proeesses 
form plates that serve as sites for attaehment of muscles that move 
the mandible and soft palate. fSee Figures 6.3c-e, 6.4, and 6.9.) 

Ethmoid p. 149 

The ethmoid is an irregularly shaped bone that forms part of the 
orbital wall and the roof of the nasal eavity. The eribriform plate 
of the ethmoid eontains perforations for olfaetory nerves. The 
perpendicular plate forms part of the nasal septum. fSee Figures 
6.3d, 6.4, 6.5, and 6.10.) 


The Laerimal Bones p. 153 

The paired laerimal bones are the smallest bones in the skull. 

They are loeated in the medial portion of eaeh orbit. Eaeh laerimal 
bone forms a laerimal groove with the adjaeent maxilla # and this 
groove leads to a nasolaerimal eanal that delivers tears to the 
nasal eavity. fSee Figures 6.3c,d and 6.15.) 

TheVomer p. 153 

The vomer forms the inferior portion of the nasal septum. It is based 
on the floor of the nasal eavity and articulates with both the maxillae 
and the palatines along the midline. (See Figures 6.3d,e, 6.5, and 6.16.) 

The Mandible p. 153 

The mandible is the entire lower jaw. It articulates with the 
temporal bone at the temporomandibular joint (TMJ). (See Figures 
6.3c,d and 6.14.) 

6.5 The Orbits, Nasal Complex and the Hyoid 

Bone p. 154 

The Orbits p. 154 

Seven bones form eaeh orbit, a bony reeess that eontain an eye: 
frontal, laerimal, palatine, and zygomatie bones and the ethmoid, 
sphenoid, and maxillae. (See Figure 6.15.) 


Cranial Fossae p. 149 

Cranial fossae are curving depressions in the eranial floor that 
elosely follow the shape of the brain. The frontal bone, the 
ethmoid, and the lesser wings of the sphenoid form the anterior 
eranial fossa. The sphenoid, temporal, and parietal bones form 
the middle eranial fossa. The posterior eranial fossa is formed 
primarily by the oeeipital bone, with contributions from the 
temporal and parietal bones. fSee Figure 6.11.) 



Bones of the Faee p. 150 


For articulations of faeial bones with other faeial bones and/or 
eranial bones, see Table 6.2. 


The Maxillae p. 150 

The left and right maxillae, or maxillary bones, are the largest 
faeial bones and form the upper jaw. (5ee Figures 6.3d and 6.12.) 


The Nasal Complex p. 154 

The nasal complex includes the bones and eartilage that enelose 
the nasal eavities and the paranasal sinuses. Paranasal sinuses are 
hollow airways that intereonneet with the nasal passages. Large 
paranasal sinuses are present in the frontal bone and the sphenoid, 
ethmoid, and maxillae. fSee Figures 6.5 and 6.16.) 

The Hyoid Bone p. 156 

The hyoid bone, suspended by stylohyoid ligaments, eonsists of 
a body, the greater horns, and the lesser horns. The hyoid bone 
serves as a base for several muscles eoneerned with movements of 
the tongue and larynx. (See Figure 6.17.) 

6.6 The Skulls of Infants, ehildren, and Adults p. 156 

Fibrous eonneetions at fontanelles permit the skulls of infants and 
ehildren to continue growing. (See Figure 6.18.) 


The Palatine Bones p. 150 

The palatine bones are small, L-shaped bones that form the 
posterior portions of the bony palate and contribute to the floor of 
the orbit. fSee Figures 6.3e and 6.13.) 

The Nasal Bones p. 152 

The paired nasal bones articulate with the frontal bone at the 
midline and articulate with eartilages that form the superior 
borders of the nostrils. (See Figures 6.3c,d, 6.15, and 6.16.) 

The Inferior Nasal Gonehae p. 153 

One inferior nasal eoneha is loeated on eaeh side of the nasal 
septum # attaehed to the lateral wall of the nasal eavity. They 
inerease the epithelial surface area and ereate turbulence in the 
inspired air. The superior and middle eonehae of the ethmoid also 
ereate turbulence in the inspired air. (See Figures 6.3d and 6.16.) 

The Zygomatie Bones p. 153 

The temporal proeess of the zygomatie bone articulates 
with the zygomatie proeess of the temporal bone to form the 
zygomatie areh (eheekbone). (See Figures 6.3c,d and 6.15.) 


6.7 TheVertebral Column p. 158 

The adult vertebral column eonsists of 26 bones (24 individual 
vertebrae, the saemm, and the coccyx). There are 7 eervieal 
vertebrae (the first articulates with the oeeipital bone) # 12 
thoraeie vertebrae (which articulate with the ribs) # and 5 lumbar 
vertebrae (the fifth articulates with the sacrum). The saemrn and 
coccyx eonsist of fused vertebrae. (See Figures 6.19-6.25.) 

Spinal Curves p. 158 

The spinal column has four spinal curves: the thoraeie and saeral 
curves are ealled primary curves; the lumbar and eervieal curves 
are known as seeondary curves. (See Figure 6.19.) 

Vertebral Anatomy p. 158 

A typieal vertebra has a thick # supporting body; it has a vertebral 
areh formed by walls (pedieles) and a roof (lamina) that provide a 
spaee for the spinal eord; and it articulates with other vertebrae at 

the superior and inferior articular proeesses. (See Figure 6.20.) 

Adjaeent vertebrae are separated by intervertebral dises. 
Spaees between successive pedieles form the intervertebral 
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foramina, through which nerves pass to and from the spinal 
eord. fSee Figure 6.20.) 

Vertebral Regions p. 158 

Cervical vertebrae are distinguished by the shape of the vertebral 
body, the relative size of the vertebral foramen, the presenee of 

eostal proeesses with transverse foramina, and bifid spinous 
proeesses. (See Figures 6.19, 6.21, and 6.22 and Table 6.3.) 

Thoraeie vertebrae have distinetive heart-shaped bodies, long, 
slender spinous proeesses, and articulations for the ribs. fSee 
Figures 6.19 and 6.23.) 

The lumbar vertebrae are the largest and least mobile; they are 
subjected to the greatest strains. fSee Figures 6.19 and 6.24.) 

The saemrn proteets reproductive, digestive, and excretory organs. 
It has an auricular surface for articulation with the pelvie girdle. 
The sacrum articulates with the fused elements of the coccyx. fSee 
Figures 6.25 and 12.14.) 


6.8 The Thoraeie Cage p. 167 

The skeleton of the thoraeie eage eonsists of the thoraeie 
vertebrae, ribs, eostal eartilages, and sternum. The ribs and sternum 
form the rib eage. fSee Figure 6.26a,c.) 

The Ribs p. 167 

Ribs 1-7 are true, or vertebrosternal , ribs. Ribs 8-10 are ealled 
false, or vertebroehondrai , ribs. The last two pairs of ribs are 
floating ribs. The vertebral end of a typieal rib articulates with 
the vertebral column at the head. After a short neek, the tubercle 
projeets posteriorly. A bend, or angle, of the rib indieates the 
site where the tubular body, or shaft, begins curving toward the 
sternum. A prominent, inferior eostal groove marks the path of 
nerves and blood vessels. fSee Figures 6.23 and 6.26.) 

The Sterniim p. 168 

The sternum eonsists of a manubrium, a body, and a xiphoid 
proeess. (See Figures 6.26a, 12.2a, and 12.3.) 




ehapter Review 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. suture. . 

2. foramen magnum. . 

3. mastoid proeess. L_ 

4. optie eanal. . 

5. erista galli. L_ 

6. eondylar proeess. L_ 

7. transverse foramen. . 

8. eostal faeets. L_ 

9. manubrium. . 

10. upperjaw . . 

a. mandible 

b. boundary between skull bones 

e. maxillae 

d. eervieal vertebrae 

e. oeeipital bone 

f. sternum 

g. thoraeie vertebrae 

h. temporal bone 

i. ethmoid 

j. sphenoid 

11. Which of the following is/are true of the 
ethmoid? 

(a) It eontains the erista galli. 

(b) It eontains the eribriform plate. 

(e) It serves as the anterior attaehment of 
the falx eerebri. 

(d) all of the above 

12. VVhieh statement applies to the sella turcica? 

(a) It supports and proteets the pituitary 
gland. 

(b) It is bounded direetly laterally by the 
foramen spinosum. 

(e) It does not develop until after birth. 

(d) It permits passage of the optie nerves. 


13. Label the following structures on the diagram 
of the skull below. 

■ frontal bone 

■ temporal proeess of the zygomatie bone 

■ lambdoid suture 

■ sphenoid 

■ styloid proeess 


16. Label the following structures on the 
following diagram of a superior view of a 
vertebra. 

■ pediele 

■ transverse proeess 

■ lamina 

■ spinous proeess 





14. The portion of the sternum that articulates 
with the elavieles is the 

(a) manubrium. 

(b) body. 

(e) xiphoid proeess. 

(d) angle. 

15. The role of fontanelles is to 

(a) allow for eompression of the skull during 
ehildbirth. 

(b) serve as ossifieation eenters for the faeial 
bones. 

(e) serve as the final bony plates of the skull. 
(d) lighten the weight of the skull bones. 


a 

b 

e 



(a) _ (e)_ 

(b) _ (d)_ 

17. The sacrum 

(a) provides proteetion for reproductive, 
digestive, and excretory organs. 

(b) bears the most weight in the vertebral 
column. 

(e) articulates with the peetoral girdle. 

(d) is eomposed of vertebrae that are 
eompletely fused by puberty. 

18. The prominent groove along the inferior 

border of the internal rib surface 

(a) provides an attaehment for intereostal 
rrmseles. 

(b) is ealled the eostal groove. 

(e) marks the path of nerves and blood vessels. 

(d) Both b and e are eorreet. 
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19. The lovver javv artieiilates vvith the temporal 
bone at the 

(a) mandibular fossa. 

(b) mastoid proeess. 

(e) anterior elinoid proeess. 

(d) eribriform plate. 

20. The hyoid bone 

(a) serves as a base of attaehment for 
miiseles that move the tongue. 

(b) is part of the mandible. 

(e) is loeated inferior to the larynx. 

(d) artieiilates vvith the maxillae. 

21. The vertebral structure that has a pediele 
and a lamina, and from vvhieh the spinous 
proeess projeets, is the 

(a) centrum. 

(b) transverse proeess. 

(e) inferior articular proeess. 

(d) vertebral areh. 

Level 2 Reviewing Concepts 

1. As you move inferiorly from the atlas # you 
vvill note that free spaee for the spinal eord 
is greatest at C v What function does this 
inereased spaee serve? 


2. What is the relationship betvveen the 
pituitary gland and the sphenoid bone? 

3. The seeondary curves of the vertebral column # 
vvhieh develop several months after birth, 
shift the trunk vveight over the legs. What 
does this shifting of vveight help aeeomplish? 

4. Deseribe the relationship betvveen the 
ligamentum nuchae and the axial skeleton 
vvith respeet to holding the head in the 
upright position. 

5. Discuss faetors that ean cause inereased 
mucus production by the mucous 
membranes of the paranasal sinuses. 

6. Why are the largest vertebral bodies found 
in the lumbar region? 

7. What is the relationship betvveen the 
temporal bone and the ear? 

8. What is the purpose of the many small 
openings in the eribriform plate of the 
ethmoid bone? 

Level 3 Critical Thinking 

1. Symptoms of the eommon eold or the flu 
include an aehe in the teeth in the maxillae # 
even though there is nothing vvrong vvith 


them # and a heavy feeling in the front of 
the head. What anatomieal response to the 
infeetion causes these unpleasant sensations? 

2. A model is said to be very photogenie 
and is often eomplimented for her high 
eheekbones and large eyes. Do these 
features have an anatomieal basis, or could 
they be explained in another manner? 




CLINICAL CASE I WRAP-UP 

L_I_I_ J 



Earnhardt suffered a basilar skull fracture # vvhieh involves the base 
of the cranium. His vvas a ring pattern fracture # forming a half ring 
around the foramen magnum of the oeeipital bone. This extended 
through both temporal bones # vvhieh disrupted the internal and 
external acoustic meatuses # tore the tympanie membranes # and 
formed an abnormal pathvvay for blood to exit both ears. His entire 
eranial eavity vvas diseonneeted from his body. The trauma did massive 
damage to the brain—causing immediate death. 

After Earnhardt's death # NASCAR made the HANS a mandatory 
pieee of safety equipment # preventing many injuries and deaths vvhen 
drivers hit the vvall at high speed. 

1. Aside from the oeeipital and temporal bones # vvhat other bones 
could a basilar skull fracture involve? 


2. If the earotid artery vvithin eaeh earotid eanal and the jugular vein 
vvithin eaeh jugular foramen vvere disrupted by a fracture # vvhieh 
bone would be involved? 



5ee the blue Ansvvers tab at the baek of the book. 





Related Ginieal Terms 


eraniotomy: The surgical removal of a seetion of 
bone (bone flap) from the skull for the purpose 
of operating on the underlying tissues. 

deviated nasal septum: A bent nasal septum 
(cartilaginous structure dividing the left and 
right nasal eavities) that slows or prevents 
sinus drainage. 


lamineetomy: A surgical operation to remove 
the posterior vertebral areh on a vertebra # 
usually to give aeeess to the spinal eord or to 
relieve pressure on nerves. 

spina bifida: A eondition resulting from the 
failure of the vertebral laminae to unite 
during development; eommonly assoeiated 


with developmental abnormalities of the 
brain and spinal eord. 

spinal fusion: A surgical procedure that 
stabilizes the spine by joining together 
(fusing) two or more vertebrae using bone 
grafts # metal rods # or screws. 
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Learning Outcomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 



7.1 



Identify the bones that form the peetoral girdle 
and upper limb and their prominent surface 
features. p. 174 

Identify the bones that form the pelvie girdle 
and lower limb and their prominent surface 
features. p. 184 

Explain how studying the skeleton ean reveal 
important ínformation about an individual. p. 197 





CLl N ICAL 


Double Jeopardy 


Monique # a 28-year-old reeeptionist, is 7 months pregnant. As she drives to 
her ultrasound appointment, safely buckled in # a pickup truck runs a red light 
at 50 mph and broadsides Monigoe's ear. Monigoe's head breaks the driver's- 
side door window # and she loses consciousness. The crushed door pins her to 
the ear seat. 

The emergeney response team who arrives at the seene uses the Jaws of 
Life to cut Monique out of the car # straps a eervieal eollar on her, administers 
oxygen by mask, and transports her to the nearest trauma eenter. 

As soon as Monique regains consciousness, she eries, "My baby!" She 
feels intense pain in the entire left side of her body # particularly in her hip. 

She eannot move her left lower limb, and she eannot feel any movement of 
her fetus. An orthopedie surgeon and an obstetrieian at her bedside explain 
the next steps in her eare. "Fetal monitoring shows your baby's heart rate is 
normal and steady, Monique. First we'll get an MRI of your pelvis, then we 7 ll 
head to the operating room." 

What has happened to Monique and to her fetus? What plans do the 
doetors have to treat them both? 

7ò find out; turn to the dinieal Case Wrap-Up on p. 202. 
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MAKE A LIST of the things yoiTve done today, and youTl see that your appen- 
dicular skeleton plays a major role in your life. Your axial skeleton proteets and 
supports internal organs and partieipates in vital functions, such as breath- 
ing. But your appendicular skeleton gives you eontrol over your environment, 
ehanges your position in spaee, and gives you mobility. 

The bones of the upper and lower limbs and the supporting elements, 
ealled girdles, make up the appendicular skeleton gure 7.1 . This ehapter 
deseribes the bones of the appendicular skeleton, emphasizing surface features 
that have functional importanee and highlighting the interaetions between the 
skeletal system and other systems. For example, many of the anatomieal features 


noted in this ehapter are attaehment sites for skeletal muscles or openings for 
nerves and blood vessels that supply the bones or other organs of the body. 

There are direet anatomieal eonneetions between the skeletal and mus- 
cular systems. The deep faseia surrounding a skeletal muscle is continuous 
with its tendon, which continues into the periosteum and beeomes part of the 
bone matrix at its attaehment site. pp. 73-74, 110-114 Muscles and bones 
are also linked physiologieally, because muscle eontraetions occur only when 
the extracellular calcium eoneentration stays within narrow limits. The skele- 
ton eontains most of the body’s ealemrn, and these reserves are vital to calcium 
homeostasis. 


Figure 7.1 The Appendicular Skeleton. A flovvehart shovving the relationship of the eomponents of 
the appendicular skeleton: peetoral and pelvie girdles, and upper and lovver limbs. 
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Anterior view of the skeleton with appendicular eomponents indieated. The flowchart shows 
relationships among the skeletal parts, and the boxed numbers indieate the number of bones. 



Posterior view of the skeleton. 
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7.1 The Peetoral Girdle and Upper Limb 

► KEY POINT Eaeh peetoral girdle and upper limb eonsists of 32 bones: elaviele, 
scapula, humerus, radius, ulna, 8 earpal bones of the vvrist, and 5 metaearpal and 
14 phalanges of the hand. The most important function of the upper limb is to 
position the hand eorreetly so you ean eomplete your desired task. 

The skeleton of the upper limb eonsists of the humerus of the arm, the ulna and 
radius of the forearm, the earpal bones of the wrist, and the metaearpals and 
phalanges of the hand. Eaeh arm articulates (forms a joint) with the trunk at the 
peetoral girdle, or shoiilder girdle ure 7.2 . The S-shaped elaviele articulates 
with the manubrium of the sternum in the only direet bony eonneetion between 
the peetoral girdle and the axial skeleton. Skeletal muscles support and position 
the scapulae, which have no direet bony or ligamentous eonneetions to the tho- 
raeie eage. As a result, the shoulders are extremely mobile, but not very strong. 

The Peetoral Girdle 

► KEY POINT The position of the elaviele allovvs inereased movement of the 
upper limb. The elaviele forms joints with the manubrium of the sternum and the 
aeromion of the scapula. The scapula is a triangular bone lying on the posterior 
surface of the thorax. 


Figure 7.2 The Peetoral Girdle and Llpper Limb. Eaeh upper limb 
articulates vvith the axial skeleton at the trunk through the peetoral girdle. 
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Movements of the elaviele and scapula position the shoulder joint, provide a 
base for arm movement, and help maximize the range of motion. Skeletal mus- 
eles between the peetoral girdle and axial skeleton stabilize the joint and help 
move the upper limb. The surfaces of the scapula and elaviele are extremely 
important sites for muscle attaehment. Where major muscles attaeh, they leave 
their marks, ereating bony ridges, tubercles, and tuberosities. Other bone mark- 
ings, such as grooves or foramina, indieate the position of nerves or blood ves- 
sels that eontrol the muscles and nourish the muscles and bones. 

The Gavide 

The elaviele (KLAV-i-kel) eonneets the peetoral girdle and the axial skele- 
ton and transfers some of the weight of the upper limb to the axial skeleton 
gure 7.3 . (Refer to Chapter 12, igure 12.2a, to identify these anatomieal 
strnetnres from the body smfaee and igure 12.10 to vismlize this strnetme in a 
eross seetion ofthe body at the level ofT 2 .) Eaeh elaviele originates at the superolat- 
eral border of the manubrium of the stermim, lateral to the jugular noteh (see 
Figure 6.26a, tD p. 167 and Figure 7.4). From the sternal end, the elaviele 
curves in an S shape laterally and posteriorly until it articulates with the aero- 
mion of the scapula. The aeromial end of the elaviele is broader and flatter 
than the sternal end. 

The smooth, superior surface of the elaviele lies just deep to the skin. Lines 
and tubercles indieating the attaehment sites for muscles and ligaments mark 
the rough inferior surface of the aeromial end. The eonoid tubercle is on the 
inferior surface at the aeromial end, and the eostal tuberosity is at the sternal 
end. These are attaehment sites for ligaments of the shoulder. 

You ean explore the interaetion between scapulae and elavieles. Plaee 
your fingers in the jugular noteh of your sternum and loeate the elaviele on 
either side. As you move your shoulders, you will feel the elavieles ehange 
their positions. Because the elavieles are so elose to the skin, you ean traee 
one laterally until it articulates with the scapula. The elaviele’s position at the 
sternoclavicular joint limits shoulder movements, as shown in gure 7.4 
(The structure of the sternoclavicular joint will be deseribed in ehapter 8.) 

Fractures of the medial portion of the elaviele are eommon because a fall 
on the palm of an outstretched hand produces eompressive forees that are eon- 
ducted to the elaviele and its joint with the manubrium of the sternum. Most 
clavicular fractures heal fairly quickly with a simple elaviele strap. 

The Scapula 

The body of the seapiila (SKAP-u-lah) forms a broad triangle, and its many 
surface markings are attaehment sites for muscles, tendons, and ligaments 
(Figure 7.5a,c r d,f ).(Refer to Gnapter 12, Figures 12.2b and 12.10, to identify 
this strnetme from the body smfaee and to vismlize this strnetme in a eross seetion 
of the body at the level of T 2 .) The three sides of the scapular triangle are the 
superior border; the medial, or vertebral, border; and the lateral, or axil- 
lary, border. Muscles that position the scapula attaeh along these edges. The 
eorners of the scapular triangle are ealled the superior angle, the inferior 
angle, and the lateral angle. The lateral angle forms a broad proeess that sup- 
ports the cup-shaped glenoid eavity. At the glenoid eavity, the scapula articu- 
lates with the proximal end of the humerus (the bone of the arm) to form the 
glenohumeral joint, or shovdder joint. The neek separates the body of the 
scapula from the lateral angle. The smooth, eoneave subscapular fossa forms 
the anterior surface of the scapula. 

Two large scapular proeesses extend over the superior margin of the gle- 
noid eavity, superior to the head of the humerus. The eoraeoid (KOR-a-koyd; 
korakodes, like a crow’s beak) proeess is the smaller, anterior projeetion. This 
proeess projeets anteriorly and laterally and serves as the origin (more proxi- 
mal and more immovable muscle attaehment) for the short head of the bieeps 
braehii muscle, a muscle on the anterior surface of the arm. The supras- 
capular noteh is an indentation medial to the base of the eoraeoid proeess. 
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Figure 7.1 The Gaviele. The elaviele ìs the only direet eonneetion betvveen the peetoral girdle and 
the axial skeleton. 
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Figure 7.4 Mobility of the Peetoral Girdle. Diagrammatie representation 
of normal movements of the peetoral girdle. 
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Figure 7.5 The Seapiila. The seapiila, which is part of the peetoral girdle, articulates with the upper limb. 
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The larger proeess is the aeromion (a-KRO-mé-on; akron, tip, + omos, shoul- 
der). The aeromion projeets anteriorly at a 90° angle from the lateral end of 
the scapular spine and serves as an attaehment point for part of the trape- 
zius of the baek. When you run your fingers along the superior surface of 
your shoulder joint, you will feel this proeess. The aeromion articulates with 
the elaviele at the acromioclavicular joint igure 7.4a] . Both the eoraeoid 
proeess and the aeromion are attaehed to ligaments and tendons assoeiated 
with the shoulder joint. The surface markings of the scapula are attaeh- 
ment sites for muscles that position the shoulder and arm. For example, the 
supraglenoid tubercle is the origin (less movable muscle attaehment site) of 
the long head of the bieeps braehii. The infraglenoid tubercle is the origin of 
the long head of the trieeps braehii, a prominent muscle on the posterior sur- 
faee of the arm. The scapular spine erosses the scapular body, ending at the 
medial border. The scapular spine divides the dorsal body of the scapula into 
two regions. The area superior to the spine is the supraspinous fossa ( supra, 
above), an attaehment for the supraspinatus. The region inferior to the spine is 
the infraspinous fossa (infra, beneath), an attaehment for the infraspinatus. 
The surfaces of the scapular spine separate these muscles, and the prominent 
posterior ridge of the scapular spine is an attaehment site for the deltoid and 
trapezius. 

The Upper Limb 

► KEY POINT The bones of eaeh upper limb are the humerus, ulna, radius, 

earpal bones of the vvrist, and metaearpals and phalanges of the hand. 

The Hiimeriis 

The proximal bone of the upper limb is the humerus. The superior, medial 
portion of the proximal epiphysis is smooth and round. This is the head of the 
humerus, which articulates with the glenoid eavity of the scapula. The greater 
tubercle is on the lateral edge of the epiphysis gure 7.6a,b). The greater 
tubercle forms the lateral margin of the shoulder; you ean find it by feeling for 
a bump a few eentimeters anterior and inferior to the tip of the aeromion. The 
greater tubercle has three smooth, flat impressions that are sites for three mus- 
eles that originate on the scapula: The supraspinatus inserts onto the upper- 
most impression, the infraspinatus onto the middle, and the teres minor onto 
the lowermost. The lesser tubercle is on the anterior and medial surface of the 
epiphysis. The lesser tubercle is the insertion point of another scapular mus- 
ele, the subscapularis. The intertubercular sulcus, or intertubercular groove, 
separates the lesser tubercle and greater tubercles. A tendon of the bieeps bra- 
ehii runs along this sulcus from its origin at the supraglenoid tubercle of the 
scapula. The anatomieal neek is a eonstrietion between the tubercles and the 
head of the humerus. It marks the extent of the joint capsule of the shoulder 
joint. Distal to the tubercles, the narrow surgical neek marks the metaphysis 
of the growing bone. The name refleets the faet that fractures typieally occur at 
this site. 

The proximal shaft, or body, of the humerus is round in eross seetion. The 
deltoid tuberosity is an elevation that runs halfway along its lateral length. 
The deltoid tuberosity is named after the deltoid that attaehes to it. On the 
anterior surface of the shaft, the intertubercular sulcus continues alongside 
the deltoid tuberosity. 

The articular eondyle is on the distal end of the humerus ìigure 7.6a,c] . 
A low ridge erosses the eondyle, dividing it into two joint surfaces. The troehlea 
(troehlea, pulley) is the spool-shaped medial portion that articulates with 
the ulna, the medial bone of the forearm. The troehlea extends from the 
base of the eoronoid fossa (KOR-ò-noyd; eorona, crown) on the anterior 
surface to the oleeranon fossa on the posterior surface igure 7.6a,d' . 
Projeetions from the ulna enter these fossae as the elbow flexes (bends) or 
extends (straightens). The rounded capitulum forms the lateral surface of 


the eondyle. The capitulum articulates with the head of the radius, the lateral 
bone of the forearm. The shallow radial fossa is superior to the capitulum. 
A small part of the radial head enters the radial fossa as the forearm flexes at 
the elbow. 

On the posterior surface the radial groove runs alongside the posterior 
margin of the deltoid tuberosity gure 7.6d; . The radial nerve, a large nerve 
that provides sensory information from the baek of the hand and eontrols the 
large muscles that extend the elbow, runs in this groove. The radial groove 
ends at the inferior margin of the deltoid tuberosity, where the nerve turns 
toward the anterior surface of the arm. At the distal end of the humerus the 
shaft expands to form a broad triangle. The medial and lateral epieondyles, 
proeesses that provide additional surface area for muscle attaehment, projeet 
to either side of the distal humerus at the elbow joint gure 7.6a,c,d . The 
ulnar nerve erosses the posterior surface of the medial epieondyle. Bumping 
the posteromedial side of the elbow joint strikes this nerve and produces a 
temporary numbness and paralysis of muscles on the anterior surface of the 
forearm. This causes an odd sensation, so the area is sometimes ealled the 
funny bone. 

The Ulna 

The ulna and radius are parallel bones that support the forearm ìgure 7.2 . 
In the anatomieal position, the ulna lies medial to the radius ígure 7.7a . 
The oleeranon (ò-LEK-ra-non), or oleeranon proeess, of the ulna forms the 
point of the elbow gure 7.7b). This proeess is the superior and posterior 
portion of the proximal epiphysis. On the ulna’s anterior surface, the troehlear 
noteh (or semihmar noteh) articulates with the troehlea of the humerus 
gure 7.7c-e] . The oleeranon forms the superior lip of the troehlear noteh, 
and the eoronoid proeess forms the inferior lip. VVhen the elbow is extended, 
the oleeranon projeets into the oleeranon fossa on the posterior surface of the 
humerus. When the elbow is flexed, the eoronoid proeess projeets into the eor- 
onoid fossa on the anterior humeral surface. Lateral to the eoronoid proeess, a 
smooth radial noteh articulates with the head of the radius at the proximal 
radio-ulnar joint ( gure 7.7d,e). 

The shaft of the ulna is triangular in eross seetion. A fibrous sheet, the 
interosseous membrane, eonneets the lateral margin of the ulna to the medial 
margin of the radius and provides additional surface area for muscle attaeh- 
ment gure 7.7a,d . Distally, the ulnar shaft narrows before ending at a 
dise-shaped ulnar head. The posterior margin of the ulnar head has a short 
ulnar styloid proeess (styloid, long and pointed). A triangular articular ear- 
tilage attaehes to the styloid proeess, separating the ulnar head from the bones 
of the wrist. The distal radio-ulnar joint lies near the lateral border of the ulnar 
head (Figure 7.7f). 

The elbow joint is a stable, two-part joint that functions like a hinge 
gure 7.7b,c . The stability of the elbow eomes from the joints between 
the troehlea of the humerus and the troehlear noteh of the ulna. This is 
the humero-ulnar joint. The capitulum of the humerus and the flat supe- 
rior surface of the head of the radius form the other part of the elbow joint, 
the humeroradial joint. (We will discuss the structure of the elbow joint in 
Chapter 8.) 

The Radiiis 

The radius is the lateral bone of the forearm iigure 7.7 . The dise-shaped 
head of the radius articulates with the capitulum of the humerus. A narrow 
neek extends from the radial head to the radial tuberosity, which is the 
attaehment site of the bieeps braehii. The shaft of the radius curves along 
its length, and the distal end is eonsiderably larger than the distal end of the 
ulna. Because the articular eartilage and an articulating dise separate the ulna 
from the wrist, only the distal end of the radius forms the wrist joint. The 
radial styloid proeess on the lateral surface of the distal end helps stabilize 
the wrist. 
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Figure 7.6 The Humerus 
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Figure 7.6 ( continued) 
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Figure 7.1 The Radius and lllna. The radius and ulna are the bones of the forearm. 
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Figure 7.7 ( continued) 
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The medial surface of the distal end of the radius forms a joint with the 
ulnar head at the ulnar noteh of the radius, forming the distal radio-ulnar 
joint. The proximal radio-ulnar joint allows medial or lateral rotation of the 
radial head. When medial rotation occurs at the proximal radio-ulnar joint, 
the ulnar noteh of the radius rolls aeross the rounded surface of the ulnar 
head. Medial rotation at the radio-ulnar joints in turn rotates the wrist and 
hand medially, from the anatomieal position. This rotational movement is 
ealled pronation. The reverse movement, which involves lateral rotation at the 
radio-ulnar joints, is ealled supination. 

I The Carpal Bones 

The eight earpal bones form the wrist, or carpus. The bones form two rows, 
with four proximal earpal bones and four distal earpal bones. The proxi- 
mal earpal bones are the seaphoid, lunate, triquetrum (tri-KWEÉ-trum), and 
pisiform (PlS-i-form). The distal earpal bones are the trapezimn, trapezoid, 
eapitate, and hamate c igure 7.8 . The joints between the earpal bones per- 
mit limited sliding and twisting movements. Ligaments intereonneet the earpal 
bones and help stabilize the wrist. 

The Proximal Carpal Bones 

■ The seaphoid is the proximal earpal bone on the lateral border of the wrist 
adjaeent to the styloid proeess of the radius. 

■ The eomma-shaped lunate (liina, moon) lies medial to the seaphoid. Like 
the seaphoid, the lunate articulates with the radius. 

■ The triquetrum (triangiilar bone) is medial to the lunate. It has the shape 
of a small pyramid. The triquetrum articulates with the eartilage that sepa- 
rates the ulnar head from the wrist. 

■ The small, pea-shaped pisiform lies anterior to the triquetrum and 
extends farther medially than any other earpal bone in the proximal or 
distal rows. 


The Distal Carpal Bones 

■ The trapezium is the lateral bone of the distal row. It forms a proximal 
joint with the seaphoid. 

■ The wedge-shaped trapezoid lies medial to the trapezium. It is the small- 
est distal earpal bone. Like the trapezium, it has a proximal joint with the 
seaphoid. 

■ The eapitate is the largest earpal bone. It sits between the trapezoid and 
the hamate. 

■ The hook-shaped hamate ( hamatnm , hooked) is the medial distal earpal bone. 


TIPS & TOOLS 


The following mnemonie will help you remember the names of the 
earpal bones, proeeeding lateral to medial; the first four are proximal, 
the last four distal: a Sam Likes To Push The Toy Car Hard. ,> Seaphoid, 
Lunate, Triquetrum, Pisiform; Trapezium, Trapezoid, Capitate, Hamate 


The Metaearpals and Phalanges 

Five metaearpal (met-a-KAR-pal) bones articulate with the distal earpal bones 
and support the palm of the hand igure 7.8b,c . Roman numerals I-V 
identify the metaearpals beginning with the lateral metaearpal (thumb). Eaeh 
metaearpal looks like a miniature long bone, possessing a wide, eoneave, prox- 
imal base, a small body, and a distal head. Distally, the metaearpals articulate 
with the phalanges (fa-LAN-jèz; singular, phalanx), or finger bones. There are 
14 phalanges in eaeh hand. The thumb, or pollex (POL-eks), has two phalan- 
ges (proximal phalanx and distal phalanx), and eaeh of the fingers has three 
phalanges (proximal, middle, and distal). 


Figure 7.8 The Bones of the Wrist and Hand. Carpal bones form the vvrist; metaearpals and 
phalanges form the hand. 
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Figure 7.8 ( continued) 
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CLINICAL NOTE 


Seaphoid Fractures 


THE SCAPHOID is the most frequently fractured earpal bone # 
usually resulting from a fall onto an outstretched hand. The 
fracture pattern most often is transverse at the "vvaist" of the 
bone. Because the seaphoid functionally erosses the proximal and 
distal earpal rows # the proximal seaphoid fragment stays with 
the proximal earpal row # and the distal fragment breaks off and 
dorsiflexes with the distal earpal row when foreed dorsiflexion 
occurs during a fall on the outstretched hand. 





CONCEPT CHECK 

1 Why does a broken elaviele affeet the mobility of the 
scapula? 

2 Which forearm bone is lateral in the anatomieal position? 

3 What is the function of the oleeranon? 


4 Which bone is the only direet eonneetion betvveen the 
peetoral girdle and the axial skeleton? 


See the blue Ansvvers tab at the baek of the book. 


7.2 The Pelvie Girdle and Lower Limb 

► KEY POINT The pelvie girdle transmits foree from the lower limbs to 
the axial skeleton, supports the body while standing, allows walking, and 
proteets the organs of the pelvie eavity. The 30 bones of the lower limb 
are the femur, patella, tibia, fibula, 7 tarsal bones, 5 metatarsals and 14 
phalanges. 

The pelvie girdle eonsists of two hip bones, also ealled pelvie bones or coxal 
bones. The bones of the pelvie girdle support and proteet the lower vis- 
eera, including the reproductive organs, and the developing fetus in females. 
The pelvie girdle is more massive than the peetoral girdle because of the 


stresses of weight bearing and walking and mnning. The pelvis is a eom- 
posite structure made up of the hip bones of the appendicular skeleton and 
the saemrn and coccyx of the axial skeleton. The skeleton of eaeh lower 
limb includes the femur (thigh), patella (kneeeap), tibia and fibula (leg), 
and bones of the ankle (tarsal bones) and foot (metatarsals and phalanges) 
gure 7.9 . In anatomieal terms, thigh refers to the proximal part of the 
limb and leg to the distal part. 


Figure 7.9 The Pelvie Girdle and Lovver Limb. Eaeh lower limb articulates 
with the axial skeleton at the trunk through the pelvie girdle. 
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The Pelvie Girdle 

► KEY POINT The hip bones proteet the organs of the pelvie eavity and are 
attaehment sites for the large muscles of the buttocks and thighs of the lovver 
limbs. 

Eaeh hip bone of the adult pelvie girdle eonsists of three fused bones: the ilium 
(IL-è-um), ischium (IS-ké-um), and pubis (PU-bis) igures 7.10, 7.1 . At 

birth, hyaline eartilage separates the three bones. Growth and fusion of the 
three bones into a single hip bone are usually eomplete by age 25. The sae- 
ro-iliae joint betvveen a hip bone and the auricular surfaces of the saemrn 
occurs at the posterior and medial aspeet of the ilium. A pad of fibrous earti- 
lage at the pubic symphysis eonneets the anterior and medial portions of the 
hip bones. The aeetabiiliim (as-e-TAB-u-lum; acetabulum, vinegar cup) is a 
eoneave soeket on the lateral surface of the hip bone. The head of the femur 
articulates with the acetabulum. 

The acetabulum is inferior and anterior to the eenter of the hip bones 
(Figure 7.10a]. A ridge of bone forms the lateral and superior margins of the 
acetabulum. The anterior and inferior portion of the ridge is ineomplete, leav- 
ing a gap ealled the acetabular noteh. The spaee enelosed by the walls of the 
acetabulum is the acetabular fossa. The smooth, cup-shaped lunate surface 
articulates with the head of the femur. 

The Hip Bones 

The ilium, ischium, and pubis meet inside the acetabular fossa, as if it were a 
pie slieed into three pieees gure 7.1 Oa). The ilium (plural, ilia ) is the larg- 
est of the bones, forming two-fifths of the acetabular surface. Superior to the 
acetabulum, the broad, curved, lateral surface of the ilium is an extensive area 
for the attaehment of muscles, tendons, and ligaments |ure 7.1 Oa). The 
anterior, posterior, and inferior gluteal lines are the attaehment sites for 
the gluteal muscles that move the femur. The ala ( vving ) of the ilium begins 
superior to the arcuate (AR-ku-àt) line -igure 7.1013 . The anterior border 
of the wing is the anterior inferior iliae spine, superior to the inferior 
iliae noteh, and continues anteriorly to the anterior superior iliae spine. 
The iliae erest is a ridge for the attaehments of several ligaments and mus- 
eles. (Refer to Ghapter 12, gures 12.3 and 2.14, to identify these anatomieal 
structures from the body srnfaee and in a eross seetion ofthe body at the level ofL 5 .) 
The iliae erest ends at the posterior superior iliae spine. Inferior to the 
spine, the posterior border of the ilium continues inferiorly to the rounded 
posterior inferior iliae spine, which is superior to the greater seiatie 
(sT-AT-ik) noteh. The seiatie nerve passes through the seiatie noteh as it trav- 
els into the lower limb. 

At the superior and posterior margin of the acetabulum, the ilium fuses 
with the isehhim. The ischium is the strongest of the hip bones. Posterior to 
the acetabulum, the prominent isehíal spine is superior to the lesser seiatie 
noteh. The rest of the ischium forms a sturdy proeess that turns medially and 
inferiorly. A roughened projeetion ealled the isehial tuberosity forms the pos- 
terolateral border of the ischium. The isehial tuberosities support your weight 
when you are sitting. The narrow isehial ramus continues toward its anterior 
fusion with the pubis. 

Continuing inferiorly, the isehial ramus fuses with the inferior pubic 
ramus. Anteriorly, the inferior pubic ramus begins at the pubic tubercle, 
where it meets the superior pubic ramus. The anterior, superior surface 
of the superior pubic ramus has a roughened ridge, the pubic erest, which 
extends laterally from the pubic tubercle. The pubic and isehial rami eneirele 
the obturator (OB-tu-rà-tor) foramen. This spaee is elosed by a sheet of 
collagenous eonneetive tissue fibers that provide a firm base for the attaeh- 
ment of hip muscles. The superior pubic ramus originates at the anterior mar- 
gin of the acetabulum. Inside the acetabulum, the pubis eontaets the ilium 
and ischium. 


Figures 7.1 Ob and 7.11a show additional features visible on the medial 
and anterior surfaces of the right hip bone: 

■ The eoneave medial surface of the iliae fossa supports the abdominal 
organs and provides surface area for muscle attaehment. The arcuate line 
marks the inferior border of the iliae fossa. 

■ The anterior and medial surfaces of the pubis eontain a roughened area 
where the pubis articulates with the pubis of the opposite side. At this 
joint, termed the pubic symphysis, a pad of fibrous eartilage eonneets the 
two pubic bones. 

■ The peetineal (pek-TIN-è-al) line begins near the pubic symphysis and 
extends diagonally aeross the pubis to merge with the arcuate line, which 
continues toward the auricular surface of the ilium. The auricular sur- 
faees of the ilium and saerrnn unite to form the saero-iliae joint. Liga- 
ments at the iliae tuberosity stabilize this joint. 

■ On the medial surface of the superior pubic ramus lies the obturator 
groove. The obturator blood vessels and nerves are within this groove. 

The Pelvis 

gure 7.1 shows anterior and posterior views of the pelvis, a ring of bone 
that eonsists of four individual bones: the two hip bones, the saemrn, and the 
coccyx. The hip bones form the anterior and lateral parts of the pelvis; the 
saemrn and coccyx form the posterior part. A network of ligaments inereases 
the stability of the pelvis by eonneeting the lateral borders of the saemm with 
the iliae erest, the isehial tuberosity, the isehial spine, and the iliopeetineal line. 
Additional ligaments bind the ilia to the posterior lumbar vertebrae. 

The pelvis is subdivided into the greater ( false ) pelvis and the lesser (true) 
pelvis gure 7.12 . The greater pelvis eonsists of the expanded, bladelike por- 
tions of eaeh ilium superior to the iliopeetineal line. The greater pelvis proteets 
organs within the inferior portion of the abdominal eavity. Structures inferior to 
the iliopeetineal line form the lesser pelvis, which is the boundary of the pelvie 
eavity. tD pp. 19 The structures of the lesser pelvis are the inferior portions of 
eaeh ilium, both pubic bones, the isehia, the saemm, and the coccyx. In a medial 
view, the superior limit of the lesser pelvis is a line that extends from either side 
of the base of the saemm, along the iliopeetineal lines to the superior margin of 
the pubic symphysis gure 7.12b] . The bony edge of the lesser pelvis is ealled 
the pelvie brim. The spaee enelosed by the pelvie brim is the pelvie inlet. 

The borders of the pelvie outlet are the coccyx, the isehial tuberosities, 
and the inferior border of the pubic symphysis ure 7.12a-c]. (The pubic 
symphysis is the fibrous eartilage joint between the pubic bones.) In life, the 
region of the pelvie outlet is ealled the perineum (per-i-NÈ-um). Pelvie mus- 
eles form the floor of the pelvie eavity and support the enelosed organs. (These 
muscles are deseribed in ehapter 10.) 

The shape of the female pelvis differs from that of the male pelvis 
(Figure 7.12d). Some of these differenees result from variations in body size 
and muscle mass. Because women are typieally less muscular than men, the 
adult female pelvis is usually smoother and lighter, and the markings where 
muscles or ligaments attaeh are less prominent. Other differenees are adapta- 
tions for ehildbearing, as explained in ure 7.1 2d. 

The Lower Limb 

► KEY POINT The lovver limb is constructed on the same basie plan as the upper 
limb, but its functional anatomy is different. The lovver limb transmits foree from 
the ground to the axial skeleton and positions the lovver limb so that movement 
from one plaee to another ean occur. 

The skeleton of the lower limb eonsists of the femur, patella (kneeeap), tibia, 
fibula, tarsal bones of the ankle, and metatarsals and phalanges of the foot 

(Figure 7.9). 
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Figure 7.10 The Pelvie Girdle. The pelvie girdle eonsists of the two hip bones. 
Eaeh hip bone forms as a result of the fusion of an íIium # an ischium # and a pubis. 
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Figure 7.10 ( continued) 
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Figure 7.1 The Pelvis. The pelvis eonsists of two hip bones, the saerom, and the coccyx. 
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Figure7.11 ( continued) 
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Figure 7.12 Divisions of the Pelvis and Anatomieal Differenees in the Male and Female Pelvis. 

A pelvis is subdivided into the lesser (true) and greater (false) pelvis. 






Greater pelvis 


Pelvie 


Pelvie 



Superior view of the pelvie brim 
and pelvie inlet of a male. 


Pelvie outlet 



Greater pelvis 


Pelvie brim 


Pelvie inlet 


Pelvie outlet 


isehial 

tuberosity 




Lateral view of the boundaries 
of the greater pelvis and lesser 
pelvis. 



Inferior view of the limits of the pelvie outlet. 



or more 


Adaptations for 
Childbearing in 
the Female Pelvis 

Relatively broad, 
low pelvis 

llia that projeet 
farther laterally 

Less curvature on the 
sacrum and coccyx 

Wider, more circular 
pelvie inlet 

Enlarged pelvie outlet 
Broader pubic angle 



Many of the anatomieal differenees in the male and female pelvis are adaptations for 
ehildbearing. These adaptations support the weight of the developing fetus and growing 
uterus and ease the passage of the newborn through the pelvie outlet at the time of 
delivery. Other differenees are the result of variations in body size and muscle mass. 
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The Femiir 

The femur gure 7.1 is the longest and heaviest bone in the body. Dis- 
tally, the femur articulates with the patella and the tibia of the leg at the knee 
joint. Proximally, the rounded head of the femur articulates with the pelvis 
at the acetabulum ígure 7.9 . A stabilizing ligament (the ligament of the 
head) attaehes to the femoral head at a depression, the fovea gure 7.13b’ . 
Distal to the head, the neek joins the shaft of the femur. The shaft is strong 


and massive and curves along its length ìgure 7.13a,d]. This lateral curve 
helps with weight bearing and balanee and beeomes greatly exaggerated if the 
skeleton weakens. A bowlegged stanee is eharaeteristie of riekets, a metabolie 
disorder discussed in ehapter 5. tD p. 126 

The greater troehanter (trò-KAN-ter) projeets laterally from the junc- 
tion of the neek and shaft of the femur. The lesser troehanter is on the 
posteromedial surface of the femur. Both troehanters develop where large 
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Figiire 7.13 The Femur 
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Figure 7.13 ( continued) 
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tendons attaeh to the femur. On the anterior surface of the femur, the raised 
intertroehanterie (in-ter-trò-kan-TER-ik) line marks the distal edge of the 
capsule of the hip joint igure 7.13a f c). This line continues around to the 
posterior surface, passing inferior to the troehanters as the intertroehanterie 
erest (Figure 7.13b,d). Inferior to the intertroehanterie erest, the medial 
peetineal line and the lateral gluteal tuberosity are the attaehment sites for 
the pectineus and the gluteus maximus respeetively. A prominent elevation 
ealled the linea aspera ( aspera , rough) runs along the eenter of the posterior 
surface of the femoral shaft. This ridge is the attaehment site of other powerful 
adductor hip muscles. Distally, the linea aspera divides into a medial and a 
lateral supracondylar ridge, forming a flattened triangular area ealled 
the popliteal (pop-LITe-al) surface. The medial supracondylar ridge ends 
in a raised, rough projeetion, the adductor tubercle, which is loeated on 
the medial epieondyle. The lateral supracondylar ridge ends at the lateral 
epieondyle. The smooth, rounded medial and lateral eondyles are distal to 
the epieondyles. The eondyles continue from the posterior, inferior surface of 
the femur to the anterior surface, but the intereondylar fossa does not. As a 
result, the smooth articular surfaces merge, producing an articular surface with 
elevated lateral borders. The patella ( kneeeap) glides over this patellar surface 
(Figure 7.13a,f . On the posterior surface, the two eondyles are separated by a 
deep intereondylar fossa. 

The Patella 

The patella (pa-TEL-a) is a large sesamoid bone that forms within the tendon 
of the quadriceps femoris, a group of anterior thigh muscles that extends the 
knee. (Refer to Chapter 12, igure 12.7a, to identify this anatomieal struc- 
ture from the body smfaee.) The patella strengthens the quadriceps tendon, 
proteets the anterior surface of the knee joint, and serves as an anatomi- 
eal pulley that inereases the eontraetion foree of the quadriceps femoris. 
The triangular patella has a rough, convex anterior surface, a broad superior 
base, and a pointed inferior apex Figure 7.14a). The roughened surface 
and apex are attaehment sites for the quadriceps tendon and the patellar 
ligament, respeetively. The patellar ligament extends from the apex of the 
patella to the tibia. The posterior patellar surface has a medial faeet and a 
lateral faeet, which articulate with the medial and lateral eondyles of the 
femur (í gure 7.14b). 


The Tibia 

The tibia (TIB-é-a) is the large medial bone of the leg ure 7.1 . The medial 

and lateral eondyles of the femur articulate with the medial and lateral eondyles 
of the proximal end of the tibia. The lateral eondyle is larger and has a faeet for 
articulating with the fibula at the superior tibiofibular joint. The intereondy- 
lar eminenee is an elevation that separates the medial and lateral eondyles of 
the tibia gure 7.15b,ef . There are two tubercles (medial and lateral) on the 
intereondylar eminenee. The anterior surface of the tibia near the eondyles has a 
prominent, rough tibial tuberosity that you ean easily feel beneath the skin of 
the leg. This tuberosity is the attaehment site for the tough patellar ligament. 

The anterior margin, or border, of the tibia is another feature you ean feel 
under the skin of the leg. It is a ridge that begins at the tibial tuberosity and 
extends distally along the anterior tibial surface. The lateral margin of the shaft 
is the interosseous border. A collagenous sheet of eonneetive tissue extends 
from the lateral margin of the tibia to the medial margin of the fibula. Distally, 
the tibia narrows, and the medial border ends in a large proeess ealled the medial 
malleoliis (ma-LÈ-ò-lus; ma\\eolus, hammer). (Refer to Ghapter 12, gure 12.Í , 
to identify this anatomieal structure from the body srnfaee.) The inferior surface 
of the tibia forms a hinge joint with the talus, the proximal bone of the ankle 
gure 7.15c]. Here, the tibia, having reeeived the weight of the body from 
the femur at the knee, passes that weight aeross the ankle joint to the foot. The 
medial malleolus supports the ankle joint and prevents the tibia from sliding 
laterally aeross the talus. On the posterior surface of the tibia, the soleal line, or 
popliteal line, is the attaehment site for several leg muscles, including the popli- 
teus and the soleus (Figure 7.15d). 

The Fibula 

The slender fibula (FIB-u-la) parallels the lateral border of the tibia =ogure 7.1 . 

The head of the fibula, or fibular head, articulates at the lateral margin of the 
tibia on the inferior and posterior surface of the lateral tibial eondyle. The 
interosseous membrane of the leg ( errnal interosseous membrane) attaehes 
the medial border of the thin shaft to the tibia. A seetional view through the 
shafts of the tibia and fibula shows the loeations of the tibial and fibular inter- 
osseous borders and the fibrous interosseous membrane that extends between 
them Figure 7.15e] . This membrane stabilizes the positions of the two bones 
and provides additional surface area for muscle attaehment. 


Figure 7.14 The Patella. This sesamoid bone forms vvithin the tendon of the quadriceps femoris. 
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Figure 7.15 The Tibia and Fibula 
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Figure 7.15 ( continued) 
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The fibiila is not part of the knee joint and does not transfer vveight to the 
ankle and foot However, it is an important site for muscle attaehment. The 
distal fibiilar proeess, termed the lateral malleohis, also gives stability to the 
ankle joint by preventing the tibia from sliding medially aeross the surface of 
the talus. (Refer to Ghapter 12, ígure 12.7, to identify this anatomieal strnetnre 
from the body smfaee.) 

The Tarsal Bones 

The ankle, or tarsus, eontains seven tarsal bones: the talus, calcaneus, 
cuboid, navicular, and three cuneiform bones ìgure 7.16! . 

■ The talus is the seeond largest bone in the foot. It transfers the weight 
of the body from the tibia anteriorly, toward the toes. The most import- 
ant distal tibial joint is between the talus and the tibia. This involves the 
smooth superior surface of the troehlea of the talus. The troehlea has lat- 
eral and medial extensions that articulate with the lateral malleolus of the 
fibula and the medial malleolus of the tibia. Ligaments attaeh the lateral 
surfaces of the talus to the tibia and fibula, further stabilizing the ankle 
joint. 

■ The calcaneus (kal-KÀ-nè-us), or heel bone, is the largest tarsal bone and 
is easily palpated. When you are standing normally, the pelvis transmits 
your weight to the ground as follows: pelvis —> femur —> tibia —> calcaneus 
—> ground. The posterior surface of the calcaneus is a rough, knob-shaped 
projeetion. This is the attaehment site for the ealeaneal tendon ( Aehilles 


tendon) that eomes from the strong ealf muscles. These muscles raise the 
heel and lift the sole of the foot off the ground, as when standing on tip- 
toe. The superior and anterior surfaces of the calcaneus have smooth faeets 
for articulation with other tarsal bones. (Refer to Ghapter 12, igure 12.7 , 
to identify this anatomieal strnetme from the body smfaee.) 

■ The cuboid articulates with the anterolateral surface of the calcaneus. 

■ The navicular, loeated on the medial side of the ankle, articulates with 
the anterior surface of the talus. The distal surface of the navicular articu- 
lates with the three cuneiform bones. 

■ The three cuneiform bones are wedge-shaped bones arranged in a row, 
with joints between them, loeated anterior to the navicular. They are 
named aeeording to their position: medial cuneiform, intermediate (or 
middle) cuneiform, and lateral cuneiform bones. Proximally, the cune- 
iform bones articulate with the anterior surface of the navicular. The lat- 
eral cuneiform bone also articulates with the medial surface of the cuboid. 
The distal surfaces of the cuboid and the cuneiform bones articulate with 
the metatarsals of the foot. 

The Metatarsals and Phalanges 

The metatarsals are five long bones between the instep and the toes that form 
the distal portion (or metatarsus) of the foot ígure 7.16]. The metatarsals 
are identified with Roman numerals I-V, going from medial (great toe) to 


Figure 7.16 Bones of the Ankle and Foot 
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lateral. Proximally, the first three metatarsals articulate with the three cunei- 
form bones, and the last two articulate with the cuboid. Distally, eaeh metatar- 
sal articulates with a different proximal phalanx. The metatarsals help support 
the weight of the body during standing, walking, and mnning. 

The 14 phalanges, or toe bones, have the same anatomieal organization as 
the phalanges of the fingers. The hallux, or great toe, has two phalanges (prox- 
imal phalanx and distal phalanx), and the other four toes have three phalanges 
eaeh (proximal, middle, and distal). 

Arehes of the Foot The arehes of the foot support and transfer the weight 
of the body and adapt to walking or rnnning on uneven surfaces. In order to do 
this, the arehes are flexible and function as levers. 

Weight transfer occurs along the longitudinal areh of the foot 
gure 7.16d . Ligaments and tendons maintain this areh by “tying” the 
calcaneus to the distal portions of the metatarsals. The lateral, or ealeaneal, 
part of the longitudinal areh earries most of the weight of the body while 
standing. This part of the areh has less curvature than the medial, or talar, 
part of the longitudinal areh. The medial part is more elastie than the lat- 
eral part of the longitudinal areh. Therefore, the medial, plantar ( sole ) sur- 
faee remains elevated, and the muscles, nerves, and blood vessels supplying 
the inferior surface of the foot are not squeezed between the metatarsals and 
the ground. This elastieity also absorbs the shoeks that occur with sudden 
shifts in weight load. For example, the stresses involved with mnning or ballet 
daneing are cushioned by the elastieity of the medial part of the longitudinal 
areh. The ehange in the degree of curvature from the medial to the lateral 
borders of the foot is the transverse areh. 

When you stand normally, your body weight is distributed evenly 
between the calcaneus and the distal ends of the metatarsals. The amount 
of weight transferred forward depends on the position of the foot and the 
plaeement of your body weight. During dorsiflexion of the foot, as when 
“digging in the heels,” all of the body weight rests on the calcaneus. During 
plantar flexion, as when “standing on tiptoe,” the talus and calcaneus trans- 
fer the weight to the metatarsals and phalanges through more anterior tarsal 
bones. 



CONCEPT CHECK 

5 What three bones make up the hip bone? 

6 The fibula does not form part of the knee joint, nor 
does it bend, but if it fractures, vvalking is difficult. Why? 

7 Ten-year-old Mark jumps off the baek steps of his 
house, lands on his right heel, and breaks his foot. 
What foot bone is most likely broken? 

8 Compared to males, hovv is the female pelvis adapted 
for ehildbirth? 

9 Where does the vveight of the body rest during 
dorsiflexion? During plantar flexion? 



See the blue Ansvvers tab at the baek of the book. 


7.3 Individiial Variation in the Skeletal 

System 

► KEY POINT Bones and teeth form the most lasting reeord of a person's life. 
With proper examination and knovvledge of anatomy, a pathologist or erime 
seene investigator ean determine the size, age, sex, and genetie heritage of a per- 
son from skeletal remains. 

A detailed study of the axial and appendicular divisions of a human skeleton 
ean reveal important information about the person. For example, there are 
eharaeteristie genetie differenees in portions of the skeleton, and the devel- 
opment of various ridges and general bone mass ean permit an estimation of 
muscular development. The eondition of the teeth or the presenee of healed 
fractures ean provide information about the person’s medieal history. Speeifie 
measurements (see Tables 7.1 and 7.2) ean help determine or elosely estimate 
sex and age. 


Figure 7.16 ( continued ) 
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Table 7.1 identifies eharaeteristie differenees between the skeletons of 
males and females, but not every skeleton shows every feature in elassie detail. 
Many differenees, including markings on the skull, eranial size, and general 
skeletal features, refleet differenees in average body size, muscle mass, and 
muscular strength. Table 7.2 summarizes age-related skeletal ehanges. These 
ehanges begin at age 3 months and continue throughout life. For example, 
fusion of the epiphyseal eartilages begins at about age 3, whereas degenerative 
ehanges in the skeletal system as a whole, such as reduced mineral eontent in 
the bony matrix, do not begin until age 30-45. 


Table 7.1 


Sexual Differenees in the Adult Human Skeleton 


Region/Feature 

Male 

Female 

SKULL 

General 

appearanee 

Heavier; rougher surface 

Lighter; smoother surface 

Forehead 

More sloping; presenee 
of supra-orbital ridges 

More vertieal; absenee of 
supra-orbital ridges 

Sinuses 

Larger 

Smaller 

Cranium 

About 10% larger 
(average) 

About 10% smaller 

Mandible 

Larger, more robust 

Lighter, smaller 

Teeth 

Larger 

Smaller 

PELVIS 

General 

appearanee 

Narrow; robust; heavier; 
rougher surface 

Broad; light; smoother 
surface 

Pelvie inlet 

Heart shaped 

Oval to round 

lliae fossa 

Deeper 

Shallower 

llium 

More vertieal; extends 
farther superiorly 

Less vertieal; less 
extension superiorly to 
the saero-iliae joint 

Angle inferior to 
pubic symphysis 

Less than 90° 

100° or more 

Acetabulum 

Direeted laterally 

Faees slightly anteriorly 
and laterally 

Obturator 

foramen 

Oval 

Triangular 

isehial spine 

Points medially 

Points posteriorly 

Sacrum 

Long, narrow trianglewith 
pronounced curvature 

Broad, short triangle 
with less curvature 

Coccyx 

Points anteriorly 

Points inferiorly 

OTHER SKELETAL ELEMENTS 

Bone weight 

Heavier 

Lighter 

Bone markings 

More prominent 

Less prominent 



CLINICAL NOTE 


Hip Dysplasia 


Developmental Dysplasia of the Hip (DDH), formerly 
knovvn as eongenital disloeation of the hip, refers to the 
dysplastie (malformed) grovvth of the acetabulum. At birth, the 
iliiim, isehiom, and pubis are cartilaginous and malleable. As these 
bones grovv, they ossify and eventually fuse to form the acetabulum 
in response to the presenee of the femoral head. If the femoral 
head is not seated vvell in the aeetabolom, the soeket beeomes 
shallovv and malformed. If the femoral head is eompletely disloeated, 
a "false" acetabulum vvill form on the outer ilium # superior and 
lateral to the true acetabulum. Even subtle degrees of developmental 
dysplasia of the hip ean cause early arthritis vvith disability. 

Faetors that seem to contribute to DDH include geneties 
(inereased ineidenee in Native Amerieans, deereased ineidenee in 
Afrieans), female sex (susceptibility to hormonal laxity during birth), 
firstborn ehild (tighter uterus and birth eanal), and breeeh position 
(buttocks-first in the birth eanal). 

Nevvborn assessments include hip joint sereening exams to 
assess the stability of the femoral head in the developing soeket. 

Diapering an infant vvith the hips vvidely abducted (frog-leg 
position) is often enough to keep the femoral head vvithin the 
developing acetabulum. 




CONCEPT CHECK 

10 List at least three regions or features of the skeleton 
that ean help an investigator determine vvhether 
an unknown skeleton was that of a male or female 
individual. 



E M BRYOLOG Y S U M M ARY 

For a summary of the development of the appendieiilar skeleton, see Chapter 28 
(Embryology and Human Development). 


See the blue Ansvvers tab at the baek of the book. 
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Table 7.2 Age-Related ehanges in the Skeleton 


Region/Structure 

Event(s) 

Age (Years) 

GENERAL SKELETON 

Bony matrix 

Reduction in mineral eontent 

Begins at age 30-45; values differ for males versus females between ages 

45 and 65; similar reductions occur in both sexes after age 65 

Markings 

Reduction in size, roughness 

Gradual reduction with inereasing age and deereasing muscular strength 
and mass 

SKLILL 

Fontanelles 

Closure 

Completed by age 2 

Frontal suture 

Fusion 

2-8 

Oeeipital bone 

Fusion of ossifieation eenters 

1-6 

Styloid proeess 

Fusion with temporal bone 

12-16 

Hyoid bone 

Complete ossifieation and fusion 

25-30 or later 

Teeth 

Loss of "baby teeth"; appearanee of 
permanent teeth; emption of permanent 
molars 

Detailed in ehapter 25 (Digestive System) 

Mandible 

Loss of teeth; reduction in bone mass; ehange 
in angle at mandibular noteh 

Aeeelerates in later years (age 60) 

VERTEBRAL COLUMN 

Curvature 

Appearanee of major curves 

3 months-10 years 

Intervertebral dises 

Reduction in size, pereentage contribution 
to height 

Aeeelerates in later years (age 60) 

LONG BONES 

Epiphyseal eartilages 

Fusion 

Ranges vary aeeording to speeifie bone under discussion, but general 
analysis permits determination of approximate age (3-7, 15-22, ete.) 

PECTORAL AND PELVIC GIRDLES 

Epiphyseal eartilages 

Fusion 

Overlapping ranges are somevvhat narrovverthan for long bones, 
including 14—16, 16-18, 22-25 



CLINICAL NOTE 


Women and Sports lnjuries 

Title IX beeame law in 1972, entitling women to equal 
partieipation in sports in institutions of public learning. Sinee 
then we have learned a lot about female sports injuries. 

Women's skeletons are Iighter, less dense, and more delieate 
than men's. Due to hormonal differenees, women also have greater 
flexibiIity and less strength than men. Unfortunately, these traits 
make women more vulnerable to head and neek injuries # including 
concussions. 

VVomen have less upper body strength and weaker shoulder 
girdles, leading to a higher ineidenee of shoulder injuries # including 
separations and disloeations, eompared with men. 

Because of the shape of the female pelvis, women's hips are wider 7 
causing an inereased genu valgum 7 or "knoek-knee" deformity. This # 



eombined with deereased quadriceps muscle mass and strength, leads 
to patellofemoral pain syndromes. The female patella tends to traek 
laterally # out of its femoral groove, causing anterior knee pain 7 or 
"miserable malalignment" syndrome. Female ligaments, particularly 
the anterior cruciate ligament (ACL) # are smaller and more prone to 
injury than their male counterparts. 

Because the eross-seetional diameter of the female tibia and 
metatarsals is smaller than the male lower extremity # and the bones 
are less dense, women are more prone to stress fractures of the lower 
extremities. 

A solution to women's inereased vulnerability to sports injuries 
is greater emphasis on training for strength, stability, balanee, and 
eoordination. 
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Study Outline 


lntroduction p. 173 

The appendicular skeleton includes the bones of the upper and 
lovver limbs and the peetoral and pelvie girdles that support the 
limbs and eonneet them to the trunk. fSee Figure 7.1.) 



7.1 The Peetoral Girdle and Llpper Limb p. 174 

Eaeh upper limb articulates vvith the trunk through the peetoral 
girdle, or shoulder girdle, vvhieh eonsists of the elaviele and the 
scapula. fSee Figures 7.2 to 7.5.) 

The Peetoral Girdle p. 174 

The elaviele and scapula position the shoulder joint, help move the 
upper limb, and provide a base for muscle attaehment. fSee Figures 
73-7.5, 12.2, and 12.10.) 


The elaviele is an S-shaped bone that extends betvveen the 
manubrium of the sternum and the aeromion of the scapula. 
This bone provides the only direet bony eonneetion betvveen the 
peetoral girdle and the axial skeleton. 


7.2 The Pelvie Girdle and Lower Limb p. 184 

The Pelvie Girdle p. 185 

The pelvie girdle eonsists of tvvo hip bones, also ealled coxal bones 
or pelvie bones; eaeh hip bone forms through the fusion of three 
bones—an ilium, an ischium, and a pubis. fSee Figures 7.9 and 
7.10.) 

The ilium is the largest of the hip bones. Inside the 
acetabulum (the fossa on the lateral surface of the hip bone 
that aeeommodates the head of the femur) the ilium fuses to 
the ischium (posteriorly) and to the pubis (anteriorly). 

The pubic symphysis limits movement betvveen the pubic 
bones of the left and right hip bones. fSee Figures 7.10-7.12, 
12.3, and 12.14.) 

The pelvis eonsists of the tvvo hip bones, the sacrum, and coccyx. It 
may be subdivided into the greater (false) pelvis and the lesser 
(true ) pelvis. The lesser pelvis eneloses the pelvie eavity. fSee 
Figures 7.11 and 7.12.) 


The scapula articulates vvith the round head of the humerus at 
the glenoid eavity of the scapula, the glenohumeral joint 

(shoulderjoint). Tvvo scapular proeesses, the eoraeoid and the 
aeromion, are attaehed to ligaments and tendons assoeiated vvith 
the shoulder joint. The aeromion articulates vvith the elaviele at the 
acromioclavicular joint. The aeromion is continuous vvith the 
scapular spine, vvhieh erosses the posterior surface of the scapular 
body. (See Figures 7.5, 12.2b, and 12.10.) 

The Upper Limb p. 177 

The humerus articulates vvith the glenoid eavity of the scapula. 
The joint capsule of the shoulder attaehes distally to the humerus 
at its anatomieal neek. Tvvo prominent tubercles, the greater 
tubercle and lesser tubercle, are important sites for rrmsele 
attaehment. Other prominent surface features include the deltoid 
tuberosity, site of deltoid attaehment; the articular eondyle, 
divided into tvvo articular regions, the troehlea (medial) and 
capitulum (lateral); the radial groove, marking the path of the 
radial nerve; and the medial and lateral epieondyles for other 
muscle attaehment. fSee Figures 7.2, 7.6, and 7.7.) 

Distally, the humerus articulates vvith the ulna (at the troehlea) 
and the radius (at the capitulum). The troehlea extends from the 

eoronoid fossa to the oleeranon fossa. ("See Figure 7.6.) 

The ulna and radius are the parallel bones of the forearm. The 
oleeranon of the ulna enters the oleeranon fossa of the humerus 
during straightening (extension) of the elbovv joint. The eoronoid 
proeess of the ulna enters the eoronoid fossa during bending 
(flexion) of the elbovv joint. fSee Figures 7.2 and 7.7.) 

The earpal bones of the vvrist form tvvo rovvs, proximal and 
distal. From lateral to medial, the proximal rovv eonsists of the 

seaphoid, lunate, triquetrum, and pisiform. From lateral to 
medial, the distal rovv eonsists of the trapezium, trapezoid, 
eapitate, and hamate. (See Figure 7.8.) 

Five metaearpals articulate vvith the distal earpal bones. Distally, 
the metaearpals articulate vvith the phalanges. Four of the fingers 
eontain three phalanges; the pollex (thumb) has only tvvo. 

(See Figure 7.8.) 


The Lower Limb p. 185 

The femur is the longest bone in the body. At its rounded head, 
it articulates vvith the pelvis at the acetabulum; distally, its medial 
and lateral eondyles articulate vvith the tibia at the knee joint. 
The greater and lesser troehanters are projeetions near the 
head vvhere large tendons attaeh to the femur. fSee Figures 7.9 
and 7.13.) 

The patella (kneeeap) is a large sesamoid bone that forms vvithin 
the tendon of the quadriceps femoris. The patellar ligament 
extends from the patella to the tibial tuberosity. fSee 
Figures 7.13f, 7.14, and 12.7a.) 

The tibia is the large medial bone of the leg. The prominent 
rough surface markings of the tibia include the tibial 
tuberosity, the anterior margin, the interosseous border, 
and the medial malleolus. The medial malleolus is a large 
proeess that gives medial support for the ankle joint. fSee 
Figures 7.15 and 12.7.) 

The fibula is the slender leg bone lateral to the tibia. The 
head articulates vvith the tibia inferior to the knee, inferior 
and slightly posterior to the lateral tibial eondyle. A fibular 
proeess, the lateral malleolus, stabilizes the ankle joint by 
preventing medial movement of the tibia aeross the talus. 
fSee Figures 7.15 and 12.7.) 

The tarsus, or ankle, includes seven tarsal bones; only the 
smooth superior surface of the troehlea of the talus articulates 
vvith the tibia and fibula. The lateral and medial extensions of the 
tarsus articulate vvith the lateral and medial malleoli of the fibula 
and tibia, respeetively. When standing, most of the body vveight 
transfers to the calcaneus; the rest passes to the metatarsals. 
fSee Figure 7.16.) 

The basie organizational pattern of the metatarsals and 
phalanges of the foot is the same as that of the metaearpals 
and phalanges of the hand. (See Figure 7.16.) 

Weight transfer occurs along the longitudinal areh and 
transverse areh of the foot. (See Figure 7.16.) 
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7.3 


Individlial Variation in the Skeletal A n umber of age-related ehanges and events take plaee in the 

- - skeletal system. These ehanges begin at about age 3 months and 

byStem p. 197 continue throughout life. fSee Tables 7.1 and 7.2.) 

Studying a human skeleton ean reveal important information such 
as sex # genetie heritage, medieal history, body size # muscle mass # 
and age. fSee Tables 7.1 and 7.2.) 


r ^ 

ehapter Revievv 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. Use letters for 
answers in the spaees provided. 

1. shoulder. . 

2. hip. __ 

3. scapula. L_ 

4. troehlea. . 

5. ulnar noteh. . 

6. one hip bone. L_ 

7. greater troehanter. . 

8. medial malleolus. . 

9. heel bone. . 

10. toes. . 


(a) tibia 

(b) peetoral girdle 

(e) radius 

(d) phalanges 

(e) pelvie girdle 

(f) femur 

(g) infraspinous fossa 

(h) calcaneus 

(i) ilium 

(j) humerus 




11. Label the following structures on the lateral 
view of the scapula below. 

aeromion 
glenoid 
eavity 
eoraeoid 
proeess 
spine of 
scapula 



(a) 

(b) 
(e) 
(d) 



12. The broad # relatively flat portion of the elaviele 
that articulates with the scapula is the 

(a) sternal end. 

(b) eonoid tubercle. 

(e) aeromial end. 

(d) eostal tuberosity. 


13. Label the following structures on the lateral 
view of the proximal end of the ulna below. 


ulnar tuberosity 
oleeranon 
radial noteh 
eoronoid proeess 


b 


d 



14. The protuberance that you ean feel on the 
lateral side of the ankle is the 

(a) lateral malleolus. 

(b) lateral eondyle. 

(e) tibial tuberosity. 

(d) lateral epieondyle. 

15. Structural eharaeteristies of the pelvie girdle 
that allow it to bear the body's weight include 

(a) heavy bones. 

(b) stable joints. 

(e) limited range of movement. 

(d) all of the above at some joints. 


18. The_of the radius assists in 

stabilizing the wrist joint. 

(a) oleeranon 

(b) eoronoid proeess 
(e) styloid proeess 
(d) radial tuberosity 

Level 2 Revievving Concepts 

1. What pieees of information are helpfuI in 
determining the age of a skeleton? 

2. What is the importanee of maintaining 
the eorreet amount of curvature of the 
longitudinal areh of the foot? 

3. Why are fractures of the elaviele so eommon? 

4. Why is the tibia # but not the fibula # involved 
in weight transfer to the ankle and foot? 

5. What is the function of the oleeranon of 
the ulna? 

6. How is body weight passed to the 
metatarsals? 

Level 3 Critical Thinking 

1. Why would a person who has osteoporosis 
be more likely to suffer a broken hip than 
a broken shoulder? 

2. How would a forensie seientist deeide 
whether a partial skeleton found in the 
forest is that of a male or a female? 


16. Which of the following is not a earpal bone? 
(a) seaphoid (b) hamate 

(e) cuboid (d) triquetrum 


17. Label the following structures on the lateral 
view of the pelvis below. 


(a) 

(b) 
(e) 
(d) 


posterior 
inferior 
iliae spine 
anterior 
superior 
iliae spine 
superior 
pubic ramus 
anterior ( 
gluteal line 



MasteringA&P'" 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy A&PFIÌX 
topies 



ehapter 7 The Skeletal System: Appendicular Division 


201 






























































±L 


CLINICAL CASE 


WRAP-UP 


Double Jeopardy 

Monique has suffered a transverse fracture of her left acetabulum. 
Look elosely, and you ean see the fetal head engaged within the 
pelvis. 

The impaet to the greater troehanter of the femur pushed the 
femoral head medially into the aeetabolom, fracturing both the 
anterior and posterior segments of the acetabulum. This horizontal 
fracture pattern follows the fusion lines of the ilium with the pubis 
anteriorly and with the ischium posteriorly. The superior surface of the 
aeetabolom, including two-fifths of the joint surface 7 is still attaehed to 
the ilium. The inferior surface of the acetabulum 7 including the pubis 
anteriorly and the ischium posteriorly, has been pushed medially. The 
femoral head is pushed medially, toward the head of the fetus # as well. 

In the operating room, the obstetrieian monitors the fetus while 
the orthopedist performs an internal fixation of the anterior and 
posterior segments of the acetabulum # restoring the lunate surface 
of the joint. Because this fracture takes at least eight weeks to heal, 
a healthy baby boy is born by Cesarean seetion seven weeks later. 
Monique's baby shows no signs of visible trauma. 

1. Is Monique's acetabular fracture loeated in the greater (false) pelvis 
or the lesser (true) pelvis? 




2. Llsing anatomieal terms, deseribe the structures involved in the 
acetabular fracture. 


5ee the blue Ansvvers tab at the baek of the book. 



Related Ginieal Terms 




bone graft: A surgical procedure that 

transplants bone tissue to repair and rebuild 
diseased or damaged bone. 


genu valgum: Deformity in which the knees 
angle medially and touch one another while 
standing; eommonly ealled "knoek-knee." 


pelvimetry: Measurement of the dimensions 
of the female pelvis. 
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this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 




8.4 



8.5 





8.10 




joints. 

Explain the types of movements that ean occur 
at a typieal synovial joint and how synovial 
joints are elassified aeeording to the type and 
range of motion permitted at that joint. 

Deseribe the structure and function of the 
joint between the temporal bone and the 
mandible. p. 212 

Deseribe the structure and function of the 
joints between adjaeent vertebrae of the 
vertebral column. p. 212 

Deseribe the structure and function of the 
joints that make up the shoulder complex. 

p. 216 

Deseribe how the structures of the elbow and 
radio-ulnar joints position the hand. p. 219 

Explain the structure and function of the joints 
of the wrist and hand. p. 221 

Deseribe the structure and function of the hip 
joint. p. 222 

Analyze the structure and function of the knee 
joint and eompare and eontrast it to that of the 
elbowjoint. p. 224 

Deseribe the structure and function of the 
joints of the ankle and foot. p. 228 

Explain how aging may affeet the joints of the 
body. p. 231 


Wny Does My Knee Hiirt So Mucn? 

Molly is a 21-year-old eollege pole vaulter; she also eompetes in the long 
]ump, triple jump 7 and hurdles. In all of these events, she uses the left limb 
as her "take-off leg." Molly trains by pole vaulting tvviee a week 7 strength 
training daily, and running three miles every other night. Early in the season, 
Molly experiences a sharp pain on the medial side of her left knee while 
running. When palpating the knee 7 she hears "elieking." She also reports a 
feeling she deseribes as "eatehing on something" when she flexes her leg at 
the knee. After experiencing this pain for a few days, she deeides to go see 
her physieian. 

What could be causing Molly's knee symptoms? To find out f turn to the 
dinieal Case Wrap-Up on p. 234. 
























WE DEPEND ON our bones for support, but support without mobility would 
make us immovable statues. Body movements eannot exceed the stresses 
that eompaet and spongy bone ean handle. For example, you eannot bend 
the shaft of the humerus or femur; such movements are restrieted to joints. 
Joints, or articulations (ar-tik-u-LÀ-shuns), are junctions between two or 
more bones. The bones may be in direet eontaet or separated by fibrous tis- 
sue, eartilage, or fluid. Eaeh joint has a normal range of motion, and bony 
surfaces, eartilages, ligaments, tendons, and muscles work together to keep 
movement within this normal range. The anatomy of a joint determines its 

I function and range of motion. Some joints interloek and prohibit movement 
eompletely, and other joints permit either slight movement or extensive 
movement. Immovable and slightly movable joints are more eommon in the axial 
skeleton, vvhereas freely movable joints are more eommon in the appendieiilar 
skeleton. 

8.1 Joint Classification 

► KEY POINT A eommon way to elassify joints is by the joint's anatomy and 
range of motion. That elassifieation method produces three types of joints: im- 
movable (synarthrosis), slightly movable (amphiarthrosis), and freely movable 
(diarthrosis). 

There is no simple, single way to elassify joints. Anatomists elassify joints based 
on either the histologieal structure of the joint (fibrous, cartilaginous, bony, or 
synovial) or the range of motion at the joint, as outlined in Table 8.1. In the 
elassifieation method based on the range of motion, there are three eategories 
of joints. 

o An immovable joint is termed a synarthrosis (sin-ar-THRO-sis; syn-, 
together, + arthro-, joint). 

o A slightly movable joint is an amphiarthrosis (am-fe-ar-THRO-sis; amphi-, 
on both sides). 

o A freely movable joint is a diarthrosis (di-ar-THRO-sis; dia-, through). 

Subdivisions within these eategories are based on the histologieal structural dif- 
ferenees of the joints. Synarthrotie and amphiarthrotie joints are elassified as 
fibrous or cartilaginous, and diarthrotie joints are subdivided aeeording to the 
range of motion. Here, we will use the elassifieation method based on the range 
of motion rather than the histologieal structure. 

Synarthroses (Immovable Joints) 

► KEY POINT A synarthrosis is a joint held together by dense, irregularly 
arranged eonneetive tissue. Synarthroses allow little or no movement. 

At a synarthrosis, the bony edges are elose together and may even interloek. A 
suture ( sutura, a sewing together) is a fibrous synarthrotie joint found only 
between the bones of the skull. The edges of these bones are bound together 
at sutures by the sutural ligament. This fibrous eonneetive tissue is the 
unossified remains of the embryonie mesenehyme in which the bones devel- 
oped. pp. 113-11 A synarthrosis allows forees to be spread easily from 
one bone to another with little or no joint movement, thereby deereasing 
the ehanee of injury. A gomphosis (gom-FÓ-sis; gomphos, bolt) is a speeial- 
ized fibrous synarthrosis that binds eaeh tooth to its bony soeket. This fibrous 
eonneetion is the periodontal ligament (per-è-ò-DON-tal; peri-, around, 
+ odous, tooth). 

In a growing bone, the diaphysis and epiphyseal ends are bound together 
by an epiphyseal eartilage, which is an example of a cartilaginous synarthrosis. 
This eonneetion is ealled a synehondrosis (sin-kon-DRÓ-sis; syn-, together, 
+ ehondros, eartilage). Sometimes two separate bones fuse, and the boundary 


between them disappears. The result is a synostosis (sin-os-TO-sis), a totally 
rigid, immovable joint. 

Amphiarthroses (Slightly Movable Joints 

► KEY POINT ln an amphiarthrosis, the bones of the joint are held together 
by fibrous eartilage, hyaline eartilage, or fibrous eonneetive tissue (a ligament). 
These joints allow limited movement. 

An amphiarthrosis permits limited movement, and the bones are farther apart 
than in a synarthrosis. In a fibrous amphiarthrosis the bones are eonneeted by 
eollagen fibers, and the bones in a cartilaginous amphiarthrosis are eonneeted 
by fibrous eartilage. 

In asyndesmosis (sin-dez-MÓ-sis; desmos, band), aligamenteonneets 
the bones and limits movement at the joint. The distal joint between 
the tibia and fibula and the interosseous membrane between the radius 
and ulna are two examples of a syndesmosis. At a symphysis the bones 
are separated by a pad of fibrous eartilage. The joints between adjaeent 
vertebral bodies (the intervertebral dises) and the anterior eonneetion 
between the two pubic bones (the pubic symphysis) are examples of this 
type of joint. 

Diarthroses (Freely Movable Synovial Joints) 

► KEY POINT Diarthroses eontain a fluid-filled eavity between the bones of 
the joint. Because these joints have a synovial membrane and eontain synovial 
fluid, they are ealled synovial joints. Diarthroses are speeialized for movement 
and have seven eomponents. 

A diarthrosis, or synovial (si-NÓ-vè-al) joint, is speeialized for movement and per- 
mits a wide range of motion. The bony surfaces within a synovial joint are eovered by 
artiailar eartilages and therefore are not in direet eontaet with one another. These 
eartilages aet as shoek absorbers and help reduce frietion within the joint. Articular 
eartilage resembles hyaline eartilage elsewhere in the body, but it has no periehon- 
drium. In addition, the matrix eontains more fluid than typieal hyaline eartilage. 
Synovial joints are found at the ends of the long bones of the upper and lower limbs. 

jgure 8.1 shows the structure of a typieal synovial joint. All synovial 
joints have the same basie eomponents: (1) a joint capsule, (2) articular ear- 
tilages, (3) a joint eavity filled with synovial fluid, (4) a synovial membrane 
lining the joint capsule, (5) aeeessory structures, (6) sensory nerves, and (7) 
blood vessels that supply the exterior and interior of the joint. 

Synovial Fluid 

A synovial joint is surrounded by a joint capsule, or artiailar eapsvile. The joint 
capsule has an outer layer of thiek, dense, regularly arranged eonneetive tissue and 
an inner synovial membrane that lines the joint eavity. The synovial membrane 
stops at the edges of the articular eartilages. tD p. 7 Synovial membranes produce 
synovial fluid that fills the joint eavity. Synovial fluid serves three functions: 

o Lubrication and frietion reduction: A thin layer of synovial fluid eovers the 
inner surface of the joint capsule and the exposed surfaces of the articular 
eartilages. This layer lubricates and reduces frietion within the joint. In 
particular, the substances hyaluronan and lubricin in synovial fluid signif- 
ieantly reduce frietion between the eartilage surfaces within the joint. 

o Nutrient distribution: The total amount of synovial fluid in any joint is nor- 
mally less than 3 mL. Whenever the joint moves, synovial fluid circulates 
within the eavity and articular eartilages to nourish the tissues, distribute dis- 
solved gases, and remove wastes. When the joint eompresses the eartilage, 
synovial fluid and the dissolved gases and waste are foreed out of the articular 
eartilages. When the joint allows the articular eartilage to expand, the fluid 
and all of the dissolved gases and nutrients are pulled baek into the eartilages. 
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Table 8.1 


Function and Structural Gassifieation of Joints 


Functional Category 


SYNARTHROSIS (NO MOVEMENT) 


Structural Category and Type 


Deseription and Examples 


At a synarthrosis, the bony edges 
are elose together and may 
even interloek. These extremely 
strong joints are loeated vvhere 
movement betvveen the bones 
must be prevented. 


Fibrous 


Cartilaginous 


Bony fusion 


Suture 



Gomphosis 



Synehondrosis 



Synostosis 



A suture is a synarthrotie joint loeated only betvveen the bones 
of the skull. The edges of the bones interloek; dense fibrous 
eonneetive tissue binds the bones together at the suture. 


A gomphosis is a synarthrosis that binds the teeth to bony soekets 
in the maxillae and mandible. The fibrous eonneetion betvveen a 
tooth and its soeket is a periodontal ligament. 


A synehondrosis is a rigid, cartilaginous bridge betvveen two 
articulating bones. The cartilaginous eonneetion between the 
ends of the first pair of vertebrosternal ribs and the sternum is a 
synehondrosis. 


A synostosis is a totally rigid, immovable joint ereated when two 
bones fuse and the boundary between them disappears. The 
frontal suture of the frontal bone and the epiphyseal lines of 
mature long bones are synostoses. 


AMPHIARTHROSIS (LITTLE MOVEMENT) 


An amphiarthrosis permits more 
movement than a synarthrosis, 
but is much stronger than a 
freely movable joint. Collagen 
fibers or eartilage eonneet the 
articulating bones. 


Fibrous 


Cartilaginous 


Syndesmosis 



Symphysis 



At a syndesmosis, a ligament eonneets the bones. One example is 
the distal articulation between the tibia and fibula. 


At a symphysis, a wedge or pad of fibrous eartilage separates the 
articulating bones. The articulation between the two pubic bones 
(the pubic symphysis) is an example. 


DIARTHROSIS (FREE MOVEMENT) 


Synovial 




Monaxial (movement in one plane) 



Biaxial (movement in two planes) 



Triaxial (movement in three planes) 


Diarthroses, or synovial joints, permit a wider range of motion 
than do other types of joints. They are typieally loeated at the ends 
of long bones, such as those of the upper and lower limbs. 


The elbow and ankle are monaxial joints 


The ribs and wrist are biaxial joints. 


The shoulder and hip are triaxial joints 


o Shoek absorption: Synovial fluid cushions joints that are subjected to eom- 
pression. For example, the hip, knee, and ankle joints are eompressed dur- 
ing walking, and they are severely eompressed during jogging or rnnning. 
When the pressure suddenly inereases, the synovial fluid absorbs the shoek 
and distributes it evenly aeross the articular surfaces. 

Aeeessory Structures 

Synovial joints have a variety of aeeessory structures, including eartilages, fat 
pads, menisei, ligaments, tendons, and bursae ure 8.1 . 

Cartilages and Fat Pads In complex joints such as the knee, these aeees- 
sory structures lie between the articular surfaces and modify the shapes of the 
joint surfaces: 


■ Menisei (me-NIS-ké; singular, meniseiis) are ereseent-shaped pads of 
fibrous eartilage that often subdivide a synovial eavity. These structures 
ehannel the flow of synovial fluid, allow for variations in the shapes of the 
articular surfaces, or restriet movements at the joint. 

■ Fat pads are found around the periphery of the joint and are lightly 
eovered by the synovial membrane. Fat pads proteet the articular earti- 
lages and serve as a sort of “paeking material” for the joint as a whole. 
When the bones move, fat pads also fill spaees ereated as the joint eavity 
ehanges shape. 

Ligaments The joint capsule surrounding the entire joint is continu- 
ous with the periostea of the articulating bones. Three aeeessory ligaments 
support, strengthen, and reinforee synovial joints. Capsular ligaments are 
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Figure 8.1 Structure of a Synovial Joint. Synovial joints are diarthrotie joints that permit a wide 
range of motion. 
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Aeeessory Structures 
of a Knee Joint 


Bursa 


Fat pad 


Meniscus 
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ligament (patellar) 
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ligament (cruciate) 


b 


Knee joint, sagittal seetion 


thiekenings of the joint capsule itself. Extracapsular ligaments are found 
outside the joint capsule, while intracapsular ligaments are inside the joint 
capsule igure 8.1 b . 

Tendons Tendons are not a part of the joint itself, but are aeeessory structures 
that pass aeross or around it gure 8.1 b). Normal muscle tone keeps tendons 
taut, and they often limit the joint's range of motion. In some joints, tendons are 
an integral part of the joint capsule, providing signifieant strength to the capsule. 

Bursae Bursae (singular, bursá) are small, fluid-filled poekets in eonnee- 
tive tissue that reduce frietion and aet as shoek absorbers 'gure 8.1 b). They 
are filled with synovial fluid and lined by a synovial membrane. Bursae are 
often eonneeted to the joint eavity, but they may be eompletely separate from 
it. Bursae form where a tendon or ligament rubs against other tissues and 
are found around most synovial joints, such as the shoulder joint. Synovial 
tendon sheaths are tubular bursae that surround tendons where they pass 
aeross bony smfaees. Bursae also appear beneath the skin eovering a bone or 
within other eonneetive tissues exposed to frietion or pressure. 

Strength versus Mobility 

A joint eannot be both highly mobile and very strong. The greater the range ofmotion 
of a joint, the vveaker it is. A synarthrosis, the strongest type of joint, permits no 
movement, whereas a diarthrosis, with its wide range of motion, is weak and easily 
damaged. Several faetors eombine to limit mobility and reduce the ehanee of injury: 

■ aeeessory ligaments and the eollagen fibers of the joint capsule; 

■ the shapes of the articulating surfaces preventing movement in speeifie 
direetions; 



CLINICAL NOTE 


D sloeation of a Synovial Joint 

A disloeation, or luxation, is a painful displaeement of 
articulating bones that temporarily deforms and immobilizes 
the joint. It ean damage the joint surface or streteh or tear the 
joint capsule and supporting ligaments and tendons. The more 
mobile the joint, the greater the ehanee of disloeation. Shoulders 
and fingers are the most frequently disloeated. A subluxation is 
an ineomplete disloeation. 
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■ other bones, bony proeesses, skeletal muscles, or fat pads around the joint; and 

■ tension in tendons attaehed to the articulating bones. When a skeletal 
muscle eontraets and pulls on a tendon, it either causes or opposes move- 
ment in a speeifie direetion. 

CONCEPT CHECK 

1 Distinguish betvveen the types of movement at a 
synarthrosis and an amphiarthrosis. 

2 List tvvo functions of synovial fluid. 

See the blue Ansvvers tab at the baek of the book. 

Artiailar Form and Fiinetion 

► KEY POINT To understand human movement you must beeome aware of the 
relationship between structure and function at eaeh joint. To deseribe human 
movement you need a frame of referenee that permits accurate and preeise 
communication. 

Deseribing Dynamie Motion and the Structural 
eiassifieation of Synovial Joints 

► KEY POINT Synovial joints move by linear, angular, or rotational motions. 
All of these movements occur along one or more axes of rotation: the superior- 
inferior axis, lateral-medial axis, or anterior-posterior axis. Synovial joints are 
elassified by a system that deseribes joints as familiar objeets or shapes. 

Synovial joints are freely movable diarthrotie joints that are elassified aeeording 
to their anatomieal and functional properties. SpotLight Figure 8.2 deseribes 

■ the types of movement that occur at a typieal synovial joint, using a sim- 
plified model; 

■ the axes of motion around which all joint movements occur; and 

■ how synovial joints are elassified aeeording to the type and range of move- 
ment at that joint. 

Types of Movements 

► KEY POINT The types of movements at joints are linear motion, angular mo- 
tion, circumduction, rotation, and a series of speeial movements that are unique 
to a limited number of speeialized joints. 

Anatomists use deseriptive terms to illustrate movements at a synovial joint. 
To understand the types of movements at a joint you must (1) think about 
the motion of the particular joint movement (angular, rotation, or speeial), 

(2) remember that the terms for joint movements occur in pairs, and 

(3) remember that all joint movements, unless otherwise indieated, are 
deseribed with referenee to a figure in the anatomieal position. t) pp. 14-16 

Angiilar Motion 

Examples of angular motion include abduction, adduction, flexion, and exten- 
sion (Figure 8.3). 

■ Abduction ( ab -, away from) is movement away from the longitudinal axis 
of the body in the frontal plane. For example, swinging the upper limb 
away from the side is abduction of the limb. The opposite motion—moving 
it baek to eenter is ealled adduction (ad -, toward). Spreading the fingers 


or toes apart abducts them, because they move away from a eentral finger 
or toe. Bringing them together is adduction. Abduction and adduction alvvays 
refer to movements ofthe appendicular skeleton igure 8.3a,c). 

■ Flexion (FLEK-shun) is movement in the anterior-posterior plane that 
deereases the angle between the bones of the joint. Extension occurs in 
the same plane, but it inereases the angle between the bones of the joint 

gure 8.3b). Flexion at the elbow or hip swings the limbs anteriorly, 
whereas extension moves them posteriorly. Flexion at the wrist moves the 
palm forward, and extension moves it baek. When you bring your head 
toward your ehest, you flex the intervertebral articulations of the neek. 
When you bend down to touch your toes, you flex the intervertebral joints 
of the vertebral column. Extension is a movement in the same plane as 
flexion, but in the opposite direetion. Extension may return the limb to or 
beyond the anatomieal position. Hyperextension is a term applied to any 
movement in which a limb is extended beyond its normal limits, result- 
ing in joint damage. Ligaments, bony proeesses, or surrounding soft tissues 
usually prevent hyperextension. 

■ A speeial type of angular motion, circumduction involves moving the 
arm in a eirele, as when drawing a large eirele on a ehalkboard in one eon- 
tinuous motion igure 8.3d] . 

Rotation 

Rotation of the head involves either left rotation or right rotation, as in 
shaking the head “no. ,, In movements of the limbs, when the anterior surface 
of the limb rotates invvard, toward the anterior surface of the body, it is termed 

internal rotation, or medial rotation. When it turns outward, it is external 
rotation, or lateral rotation. These rotational movements are illustrated in 

gure 8.4. 

The joints between the radius and ulna permit the distal end of the radius 
to rotate from the anatomieal position aeross the anterior surface of the ulna. 
This motion, ealled pronation (pró-NÀ-shun), moves the wrist and hand from 
the palm-faeing-front position to the palm-faeing-baek position. The opposing 
movement, which turns the palm forward, is supination (su-pi-NÀ-shun). 

Speeial Movements 

Speeial terms apply to speeifie joints or unusual types of movement igure 8.5 . 

■ Eversion (è-VER-zhun; e-, out, + everto, to overturn) is a motion of the 
foot that turns the sole outward igure 8.5a). The opposite movement, 
turning the sole inward, is ealled inversion ( inverto, to turn upside down). 

■ Dorsiflexion and plantar flexion (plantar, sole of the foot) also refer to 
movements of the foot gure 8.5bi . Dorsiflexion elevates the distal por- 
tion of the foot and the toes, as in “digging in your heels. ,, Plantar flexion 
elevates the heel and the proximal portion of the foot, as when standing 
on tiptoe. 

■ Lateral flexion occurs when the vertebral column bends to the side. This move- 
ment is most pronounced in the eervieal and thoraeie regions ìgure 8.5c . 
Lateral flexion to the left is counteracted by lateral flexion to the right. 

■ Protraetion is moving a part of the body anteriorly in the horizontal 
plane. Retraetion is the reverse movement igure 8.5d' . You protraet 
your jaw when you grasp your upper lip with your lower teeth, and you 
retraet your jaw when you return it to its normal position. 

■ Opposition is a speeial movement of the thumb that produces pad-to-pad 
eontaet of the thumb with the palm or any other finger. Flexion of the 
fifth metaearpophalangeal joint ean assist this movement. Reposition is 
the opposite movement that returns the thumb and fingers to their nor- 
mal position Figure 8.5e). 
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SPOTLIGHT 


FIGIIRE 8.2 


Joint Motion 


A Simple Model of Joint Movement 


Take a peneil as your model and stand it upright 


on the surface of a desk. The peneil represents 


a bone, and the desk is an articular surface. 


A lot of twisting, pushing, and pulling will 


Axes of Motion 


Movements at a joint occur along speeifie axes of motion. An 


axis of motion is an imaginary plane along which joint movement 


demonstrate that there are only three 


ways to move the peneil. 



occurs. There are three possible axes of motion, just as there are 


three dimensions in the world around us. A joint that permits 


movements in all three axes, such as the shoulder joint illustrated 


below, is deseribed as triaxial. A joint that permits movement 


along two axes is termed biaxial, whereas a joint that permits 


movement in only one axis is termed monaxial. 


Moving the Point 


Linear motion 


Gliding is an example of linear motion. 


The peneil remains vertieal, but the peneil 


tip moves away from its original position. 




Ohanging the Shaft Angle 




Angular motion 


During angular motion the peneil tip 


remains stationary, but the angle 


between the shaft and the surface 


ehanges. 





Lateral-medial axis 


Anterior-posterior axis 




Circumduction 


Circumduction is a speeial type of angular 


motion. In circumduction the tip of the peneil 


remains stationary while the peneil shaft moves 


in a eirele. 
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Rotating the Shaft 


/ 


/ 


/ 



Rotation 


In rotation the peneil tip remains in position and 


the angle of the shaft does not ehange, but the 


shaft spins around its longitudinal axis. 
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eiassifieation of Synovial Joints 

Synovial joints are freely movable diarthrotie joints, and they are are divided into six types by the range of 
movement permitted. Synovial joints are deseribed as plane, pivot, saddle, hinge, eondylar, or ball-and-soeket 
on the basis of the shapes of the articulating surfaces, which in turn determine the joint movement. 


Plane joint 

Plane joints, or gliding joints, 
have flattened or slightly curved 
surfaces that slide aeross one 
another, but the amount of 
movement is very slight. 



Deser ption: 

Monaxial 

Movement: 

Slight linear 
motion 



Examples: 

• Sternoclavicular and 
acromioclavicular joints 

• interearpal and intertarsal 
joints 

• Vertebroeostal joints 

• Saero-iliae joints 


Pivot joint 

Pivot joints permit 
rotation only. 



DeserÉption: 

Monaxial 

Movement: 

Rotation 


Saddle joint 

Saddle joints have complex 
articular faees and fit together 
like a rider in a saddle. Eaeh faee 
is eoneave along one axis and 
convex along the other. 




Hinge joint 

Hinge joints permit angular 
motion in a single plane, 
like the opening and 
elosing of a door. 



Gondylar joint 

Oondylar joìnts, or ellipsoidal 
joints, have an oval articular 
faee nestled within a depression 
on the opposing surfaces 






Deseription; 

Biaxial 

Movement: 
Angular motion 


Desei iption: 

Monaxial 

Movement: 
Angular motion 


DeseriotSon: 

Biaxial 

Movement: 
Angular motion 



Examples: 

• Atlanto-axial joint 

• Proximal radio-ulnar joint 



Example: 

• First earpometaearpal joint 



Humerus 


Examples: 

• Elbowjoint 

• Kneejoint 

• Anklejoint 

• Interphalangeal joint 



Examples: 

• Metaearpophalangeal 
joints 2-5 

• Radioearpal joint 

• Metatarsophalangeal joints 


Ball-and-soeket joint 

In a ball-and-soeket joint, the 
round head of one bone rests 
within a cup-shaped 
depression in another. 



Deserìption: 

Triaxial 

Movement: 

Angular motion, 
circumduction, 
and rotation 



Examples: 

• Shoulder joint 

• Hipjoint 
















Figiire 8.2 Angular Movements. Examples of movements that ehange the angle betvveen the shaft 
and the articular surface. The red dots indieate the loeations of the joints involved in the illustrated 
movement. 



Abduction 



Abduction 



Flexion 


Abduction 


Adduction 



Abduction 


Adduction 




Abduction/adduction 


b 


Flexion/extension 





Adduction/abduction 




Circumduction 


■ Elevation and depression occur when a structure moves in a superior or 
inferior direetion. You depress your mandible when you open your mouth 
and elevate it as you elose it gure 8.5' . Another familiar elevation 
occurs when you shrug your shoulders. 

In the remainder of this ehapter we discuss several joints of the axial skel- 
eton: (1) the temporomandibular joint (TMJ), between the mandible and the 
temporal bone, (2) the intervertebral joints between adjaeent vertebrae, and 


(3) the sternoclavicular joint between the elaviele and the sternum. We then 
examine the synovial joints of the appendicular skeleton. The shoulder has great 
mobility, the elbow has great strength, and the wrist makes fine adjustments in 
the movement of the palm and fingers. The functional requirements of the 
joints in the lower limb differ from those of the upper limb. Hip, knee, and ankle 
joints must transfer body weight to the ground, and during rnnning, jumping, 
or twisting movements, the applied forees are much greater than the weight. 
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Figure 8.4 Rotational Movements. Examples of motion in which the shaft of the bone rotates. 


Head rotation 
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Figure 8.E Speeial Movements. Examples of speeial terms used to deseribe movement at speeifie 
joints or unique direetions of movement. 
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Although the remainder of this ehapter eonsiders only some joints, Tables 8.2, 
8.3, and 8.4 siimmarize information about most of the joints in the body. 


1 





CONCEPT CHECK 

3 What elassifieations of synovial joints are monaxial? 
Biaxial? Triaxial? 


4 Give the proper term for eaeh of the follovving types 
of motion: (a) moving the humerus away from the 
midline of the body; (b) turning the palms so that they 
faee forward; (e) bending the elbow. 


See the blue Ansvvers tab at the baek of the book. 


8.3 The Temporomandibiilar Joint 

► KEY POINT The temporomandibular joint is a synovial joint betvveen the 
mandible and temporal bone. This hinge joint allovvs elevation, depression, pro- 
traetion, retraetion, and slight right and left movements. 

The temporomandibiilar joint (TMJ) ure 8.6] is a triaxial joint between the 
mandibular fossa of the temporal bone and the eondylar proeess of the mandible. 
The temporomandibular joint is unique because (1) the articulating surfaces on the 
temporal bone and mandible are eovered with fibrous eartilage rather than hyaline 
eartilage, and (2) a thiek dise of fibrous eartilage separates the bones of the joint. 
This articular dise extends horizontally and divides the joint eavity into two separate 
ehambers. Therefore, the temporomandibular joint is really two synovial joints: one 
between the temporal bone and the articular dise and the other between the articu- 
lar dise and the mandible. 

The articular capsule surrounding this joint complex is poorly defined. The 
portion of the capsule superior to the neek of the eondyle is loose, whereas 
the portion of the capsule inferior to the eartilage dise is tight. Although the 
capsule's structure permits a wide range of motion, because the joint is rather 
unstable, forceful lateral or anterior movements of the mandible ean partially 
or eompletely disloeate the joint. 


The lateral portion of the articular capsule is ealled the lateral ligament. 
There are also two extracapsular ligaments: 

■ The stylomandibiilar ligament extends from the styloid proeess to the 
posterior margin of the angle of the mandibular ramus. 

■ The sphenomandibiilar ligament extends from the sphenoidal spine to 
the medial surface of the mandibular ramus. Its insertion eovers the poste- 
rior portion of the mylohyoid line. 

The temporomandibular joint is primarily a hinge joint, but the loose 
capsule and flat articular surfaces also permit small side-to-side gliding move- 
ments. These movements allow you to chew. 



CONCEPT CHECK 

5 How do the unique structure of the joint capsule and the 
relatively flat articular surfaces of the temporomandibular 
joint affeet the function of this joint? 

6 How does the orientation of the articular dise affeet 
the anatomy of the temporomandibular joint? 


See the blue Ansvvers tab at the baek of the book. 


8.4 Intervertebral Joints 

► KEY POINT There are three joints betvveen adjaeent vertebrae: one median 
joint and tvvo lateral joints. The median joint involves the intervertebral dise, and 
the lateral joints involve the vertebral faeets. 

All vertebrae from C 2 to articulate with symphysis joints between the ver- 
tebral bodies and synovial joints between the articulating faeets. igure 8.7 
illustrates the structure of the intervertebral joints. 


Zygapophysial Joints 

► KEY POINT Zygapophysial joints are diarthrotie synovial joints that exhibit 
gliding motion. 


Figure 8.6 The Temporomandibular Joint. This hinge joint forms between the eondylar proeess of 
the mandible and the mandibular fossa of the temporal bone. 
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Figure 8.7 Intervertebral Joints. Adjaeent vertebrae articulate at their superior and inferior 
articular proeesses; their bodies are separated by intervertebral dises. 
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The zygapophysial zI-ga-pò-FIZ-è-al joints (faeet joints ) are the synovial 
joints found between the superior and inferior articulating faeets of adjaeent 
vertebrae gures 8.Ì and 6.20, tD p. 160). The articulating surfaces of these 
plane joints are eovered with hyaline eartilage, and the size, structure, and eom- 
plexity of the zygapophysial joints vary from region to region within the verte- 
bral column. These joints permit small movements assoeiated with flexion and 
extension, lateral flexion, and rotation of the vertebral column. 

The Intervertebral Dises 

► KEY POINT Intervertebral dises, made of fibrous eartilage, separate adjaeent 
vertebrae and transmit forees between adjaeent vertebrae. An intervertebral dise 
is eomposed of an outer fibrous part (anulus fibrosus) and an inner gelatinous mass 
(nucleus pulposus). A vertebral endplate eovers the surface of the intervertebral dise. 

The joints between adjaeent vertebral bodies from C 2 to the saemrn are sym- 
physis joints. In these joints, pads of fibrous eartilage ealled intervertebral 
dises separate and cushion the adjaeent vertebral bodies. Intervertebral dises 
are not found either in the saemrn and coccyx, where vertebrae have fused, or 
between the first and seeond eervieal vertebrae. 

The intervertebral dises have two functions: (1) to separate individual 
vertebrae and (2) to transmit the load from one vertebra to another. Eaeh 


intervertebral dise has a tough outer layer of fibrous eartilage ealled the anulus 
fibrosus (AN-u-lus fi-BRÓ-sus) and an inner nucleus pulposus (pul-PÓ-sus). 
The nucleus pulposus is a soft, elastie, gelatinous eore, eomposed primar- 
ily of water (about 75 pereent) with seattered reticular and elastie fibers. 
The nucleus pulposus enables the dise to aet as a shoek absorber. The supe- 
rior and inferior surfaces of the dise are almost eompletely eovered by thin 
vertebral endplates. These vertebral endplates are made of hyaline and 
fibrous eartilage. They attaeh tightly to the anulus fibrosus of the interver- 
tebral dise and weakly to the adjaeent vertebrae gure 8.7 . The vertebral 
attaehments help stabilize the position of the intervertebral dise. The inter- 
vertebral ligaments, discussed in the next seetion, provide additional rein- 
foreement to the dise. 

Movements of the vertebral column eompress the nucleus pulposus and 
move it in the opposite direetion. This movement permits smooth gliding 
movements by eaeh vertebra while still maintaining the alignment of all the 
vertebrae. The dises contribute signifieantly to an individual' s height, account- 
ing for one-quarter of the length of the vertebral column above the saemm. As 
we age, the water eontent of the nucleus pulposus within eaeh dise deereases, 
and fibrous eartilage replaees the gelatinous eore. The dises gradually beeome 
less effeetive as a cushion, and the risk of vertebral injury inereases. As the dises 
lose water, the vertebral column shortens, which accounts for the eharaeteristie 
deerease in height with advaneed age. 
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CLINICAL NOTE 



Problems with Intervertebral Dises 


With aging and use, intervertebral dises lose their water 
eontent and elastieity, stiffen, and often beeome brittle. 
Dises shrink with age # contributing to loss of height. 
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The superior surface of an 
isolated normal intervertebral dise 


Herniated Dise 

With age and repetitive stress, the annulus fibrosus ean rupture # 
causing the nucleus pulposus to ooze into the vertebral eanal or 
intervertebral foramen. This eondition is ealled a herniated 
dise. Within the vertebral canal # the protruding nucleus pulpo- 
sus ean eompress the spinal nerves as they pass through their 
tight intervertebral foramen. This eompression ean cause severe 
pain to radiate along the course of the involved nerve. Herni- 
ated dises occur most often in areas of the vertebral column 
subject to the greatest stress and where the greatest spinal 
motion takes plaee: between C 5 and C 6 and C 6 and C 7 in the eer- 
vieal spine # and between L 4 and L 5 and L 5 and in the lumbar 
spine. Seiata, pain in the lower baek and hip radiating down 
the posterior thigh into the leg # results when a herniated 
lumbar dise eompresses the seiatie nerve roots. 
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Lateral view of the lumbar region of 
the spinal column showing normal 
and bulging intervertebral dises 
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Intervertebral dise disease 
(IVDD) is a painful eondition asso- 
eiated with dise degeneration that 
affeets the spinal nerves. Causes 
include a bulging dise or herniated 
dise. If the posterior longitudina 
igaments weaken # as often occurs 
with age, the eompressed nucleus 
pulposus may distort the anulus 
fibrosus # foreing it partway into 
the vertebral eanal. This condition # 
seen here in lateral view # is ealled a 
bulging dise. 


Anulus 

fibrosus 



A seetional view through a herniated dise showing displaeement 
of the nucleus pulposus and its effeet on the spinal eord and 
adjaeent nerves 
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Intervertebral Ligaments 

► KEY POINT Numerous ligaments attaehed to the bodies and proeesses of all 
vertebrae bind them together and stabilize the vertebral column. Ligaments in- 
tereonneeting adjaeent vertebrae are the anterior longitudinal ligament, the pos- 
terior longitudinal ligament, the ligamentum flavum, the interspinous ligament, 
and the supraspinous ligament. 

■ The strong collagenous fibers of the anterior longitudinal ligament 
eonneet the intervertebral dises and anterior surfaces of eaeh vertebral 
body. 

■ The posterior longitudinal ligament parallels the anterior longitudinal 
ligament but passes aeross the posterior smfaees of eaeh intervertebral dise 
and vertebral body. 

■ The ligamenta flava are paired ligaments that eonneet the laminae of 
adjaeent vertebrae within the vertebral areh. 


■ The interspinous ligament eonneets the spinous proeesses of adjaeent 
vertebrae. 

■ The supraspinous ligament, which is often missing, intereonneets the tips 
of the spinous proeesses from C 7 to L 3 or L 4 . The ligamentum nuchae is a 
supraspinous ligament that extends from C 7 to the base of the skull. 

The posterior longitudinal ligament, ligamenta flava, and ligamentum nuchae 
between adjaeent vertebrae limit flexion of the vertebral column. The anterior 
longitudinal ligament limits extension, and the interspinous ligaments limit 
rotation and lateral flexion (Figure 8.7). 

Vertebral Movements I 

► KEY POINT The vertebral column is eapable of flexion, extension, rotation, 
and lateral flexion. The size of the intervertebral dises determines the amount of 
movement at any segment of the vertebral column; the faeets of the zygapophysial 
joints determine the direetion of movement. 



CLINICAL NOTE 


Ankylosing Spondylitis 


Ankylosing spondylitis is an inflammatory arthritis that 
affeets the joints of the axial skeleton. Contrary to most inflam- 
matory arthropathies, men are affeeted more than vvomen. This 
disease ean cause eomplete fusion (synostosis) of the saeroiliae joints 
and all the zygapophysial joints as well as the pubic symphysis, or 
intervertebral joints between vertebral bodies. 



At right, spine from the sixth century showing ankylosing spondylitis, on 
display at the Landesmuseum Wurttemberg, Stuttgart, Germany 
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The following movements of the vertebral column are possible: (1) flexion, 
bending forward; (2) extension, bending backward; (3) lateral flexion, 
bending to the side; and (4) rotation, or twisting. 

Table 8.2 summarizes information related to joints and movements of the 
axial skeleton. 



CONCEPT CHECK 

7 Name the ligaments that stabilize the vertebral column. 

8 Where are the symphysis joints in the vertebral 
column, and how do they differ from the structure of 
the zygapophysial joints? 


See the blue Ansvvers tab at the baek of the book. 


8.5 The Shoulder Complex 

► KEY POINT The shoulder complex has only one attaehment to the axial skel- 
eton (the elaviele to the sternum), and the entire complex must move as one to 
allow for maximum range of motion at the shoulder. Proper movement of the 
shoulder complex positions the hand for a wide variety of functions. 

The shoulder complex includes the elaviele, scapula, and humerus and their 
assoeiated joints (sternoclavicular and shoulder) and supporting structures. The 
shoulder complex links the upper limb to the thorax. In addition, proper move- 
ment of the sternoclavicular joint is essential for maximum range of motion of 
the shoulder ( glenohumeral ) joint. 


The Sternodaviailar Joint 

► KEY POINT The sternoclavicular joint is the master joint of the shoulder eom- 
plex because it determines the position of the scapula, which is eritieal for allow- 
ing maximum range of motion of the shoulder joint. Movement of the arm at the 
shoulder depends on the aetion of other joints of the shoulder complex, particu- 
larly the sternoclavicular joint. 

The sternoclavicular joint is a synovial joint between the medial end of the 
elaviele and the manubrium of the sternum. This joint, which is the only joint 
between the upper limb and the axial skeleton, anehors the scapula to the axial 
skeleton. Movement at the sternoclavicular joint ehanges the position of the 
scapula on the thoraeie wall, helping the shoulder joint aehieve maximum 
range of motion. 

As at the temporomandibular joint, an articular dise divides the sterno- 
clavicular joint into two synovial eavities igure 8.8 . The articular eap- 
sule provides stability and limits movement. Two aeeessory ligaments, the 

anterior sternoclavicular ligament and the posterior sternoclavicular 
ligament, reinforee the joint capsule. There are also two extracapsular 
ligaments: 

■ The interclavicular ligament eonneets the elavieles and reinforees the 
superior portions of the adjaeent articular capsules. This ligament attaehes 
firmly to the superior border of the manubrium and prevents disloeation 
when the shoulder is depressed. 

■ The broad costoclavicular ligament extends from the eostal tuberosity of the 
elaviele to the superior and medial borders of the first rib and the first eostal 
eartilage. This ligament prevents disloeation when the shoulder is elevated. 


Table 8.2 I Joints of the Axial Skeleton 


Element 

Joint 

Type of Articulation 

Movements 

SKLILL 

Cranial and faeial bones of skull 

Various 

Synarthroses (suture or synostosis) 

None 

Maxillae/teeth 

Alveolar 

Synarthrosis (gomphosis) 

None 

Mandible/teeth 

Alveolar 

Synarthrosis (gomphosis) 

None 

Temporal bone/mandible 

Temporomandibular 

Combined plane and hinge 
diarthrosis 

Elevation/depression, lateral gliding, 
limited protraetion/retraetion 

VERTEBRAL COLUMN 

Oeeipital bone/atlas 

Atlanto-oeeipital 

Condylar diarthrosis 

Flexion/extension 

Atlas/axis 

Atlanto-axial 

Pivot diarthrosis 

Rotation 

Other vertebral elements 

Intervertebral (between vertebral bodies) 

Amphiarthrosis (symphysis) 

Slight movement 

Intervertebral (between articular 
proeesses) 

Plane diarthrosis 

Slight rotation and flexion/extension 

Thoraeie vertebrae/ribs 

Vertebroeostal 

Plane diarthrosis 

Elevation/depression 

Rib/eostal eartilage 

Costochondral 

Synehondrosis 

None 

Costal cartilage/sternum 

Sternoeostal 

Synehondrosis (rib 1) 

None 

Sternoeostal 

Plane diarthrosis (ribs 2-7) 

Slight gliding movement 

L 5 /sacrum 

Between body of L 5 and saeral body 

Amphiarthrosis (symphysis) 

Slight movement 

Between inferior articular proeesses of L 5 
and articular proeesses of sacrum 

Plane diarthrosis 

Slight flexion/extension 

Sacrum/hip 

Saero-iliae 

Plane diarthrosis 

Slight gliding movement 

Sacrum/coccyx 

Saeroeoeeygeal 

Plane diarthrosis (may beeome 
fused) 

Slight movement 

Coccygeal bones 


Synarthrosis (synostosis) 

None 
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Figure 8.8 The Sternoclavicular Joint. An anterior view of the thorax showing the bones and ligaments 
of the sternoclavicular joint. This joint is elassified as a stable, heavily reinforeed plane diarthrosis. 
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The sternoelavieiilar joint is a plane joint, but the capsular fibers allow 
slight rotation and circumduction of the elaviele. 

The Shoulder Joint 

► KEY POINT The shoulder (or glenohumeral) joint is a triaxial, ball-and-soeket 
synovial joint. It is loeated between the glenoid eavity of the scapula and the 
head of the humerus. The shoulder joint has the greatest range of motion of any 
joint and is therefore one of the most easily damaged joints of the body. 

The shoulder joint, or glenohumeral joint, is a loose and shallow joint that 
permits the greatest range of motion of any joint in the body. The shape of the 
joint, and the aeeompanying wide range of motion, allows us to position the 
hand to do a wide variety of functions. The faet that the shoulder joint is also 
the most frequently disloeated joint elearly demonstrates that strength and sta- 
bility must be saerifieed to obtain mobility. 

This joint is a ball-and-soeket type between the head of the humerus 
and the glenoid eavity of the scapula igure 8.9] . (Refer to Oiapter 12, 
]gure 12.1 C , to vismlize this striietme in a eross seetion ofthe body at the level ofT 2 .) 
The glenoid labrum ( \abrum , lip or edge), a ring of dense, irregular fibrous ear- 
tilage, eovers the edge of the glenoid eavity igure 8.9c,d . The glenoid labmrn 
attaehes to the margin of the glenoid eavity and both enlarges and deepens the 
eavity. It is also an attaehment site for the glenohumeral ligaments and the long 
head of the bieeps braehii muscle, a flexor of the shoulder and elbow. 

The articular capsule extends from the scapular neek to the humerus. It is an 
oversized capsule that is weakest at its inferior surface. When the upper limb is in 
the anatomieal (neutral) position, the capsule is tight superiorly and loose infe- 
riorly and anteriorly. The capsule's eonstmetion contributes to the wide range 
of motion of the shoulder joint. The bones of the peetoral girdle stabilize the 
superior surface of the joint somewhat, but ligaments and surrounding skeletal 
muscles and their assoeiated tendons provide most of the stability at this joint. 

Ligaments 

The major ligaments that help stabilize the shoulder joint are shown in 

Figure 8 9a-c. 


■ The capsule surrounding the shoulder joint is thin. Areas of loealized thiek- 
ening of the anterior capsule surface are known as the glenohiimeral 
ligaments. These ligaments help stabilize the shoulder joint only when 
the humerus approaehes or exceeds maximum normal motion. 

■ The eoraeohiimeral ligament originates at the base of the eoraeoid proeess 
and inserts on the head of the humerus. This ligament strengthens the supe- 
rior part of the articular capsule and supports the weight of the upper limb. 

■ The eoraeo-aeromial ligament spans the gap between the eoraeoid pro- 
eess and the aeromion, just superior to the capsule. This ligament provides 
additional support to the superior surface of the capsule. 

■ The strong aeromioelavieiilar ligament attaehes the aeromion to the 
elaviele and restriets movement of the elaviele at the aeromial end. A 
shoulder separation is a relatively eommon injury involving partial or eom- 
plete disloeation of the acromioclavicular joint. 

■ The eoraeoelavieiilar ligaments attaeh the elaviele to the eoraeoid pro- 
eess and limit motion between the elaviele and scapula. 

■ The transverse humeral ligament extends between the greater and lesser 
tubercles and holds the tendon of the long head of the bieeps braehii in 
the intertubercular groove of the humerus. 

Skeletal Muscles and Tendons 

Muscles that move the humerus stabilize the shoulder joint more than all the 
ligaments and capsular fibers eombined. Muscles originating on the axial skel- 
eton, scapula, and elaviele eover the anterior, superior, and posterior surfaces of 
the capsule. Tendons passing aeross the joint reinforee the anterior and superior 
portions of the capsule. Tendons of speeifie appendicular muscles support the 
shoulder and limit its movement. These muscles, eolleetively ealled the rotator 
cuff (discussed in ehapter 11), are a frequent site of sports injury. 

Bursae 

As they do at other joints, bursae at the shoulder reduce frietion where large mus- 
eles and tendons pass aeross the joint capsule. The subacromíal bursa and the 
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Figure 8.9 The Glenohiimeral Joint. This ball-and-soeket joint eonneets the humerus and the scapula. 
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218 The Skeletal System 


www.ebook3000.com 

















































































































CLINICAL NOTE 


Shoulder lnjuries 


In a shoulder disloeation, the humerus disloeates from 
the glenoid eavity. The glenoid labrom, shoulder capsule 7 
glenohmmeral ligaments, and coracohumeral ligament may be 
damaged, stretehed, ortorn. 



In a shoulder separation, the elaviele separates from the aeromion. 
The acromioclavicular ligament and capsule and the coracoclavicular 
ligaments streteh or tear. 





subcoracoid bursa prevent eontaet between the aeromion and eoraeoid proeess 
and the capsule ogure 8.9a,b). The subdeltoid bursa and the subscapular 
bursa lie between large muscles and the capsular wall Figure 8.9a-c). Inflam- 
mation of one or more of these bursae restriets motion and produces the painful 
signs and symptoms of bursitis. 

CONCEPT CHECK 

9 What is the glenoid labriim, and hovv does it 
contribute to stability of the shoulder joint? 

10 Who would be more likely to develop inflammation 
of the subscapular bursa—a tennis player or a 
jogger? Why? 

See the blue Ansvvers tab at the baek of the book. 

The Elbow and Radio-iilnar Joints 

► KEY POINT The movements of the elbow and proximal and distal radio-ulnar 
joints serve to position the hand. The elbow is a uniaxial, synovial hinge joint that 
allows flexion and extension. The proximal and distal radio-ulnar joints are uniax- 
ial syndesmoses that work together and allow rotation of the forearm. 

The Elbovv Joint 

► KEY POINT The elbow joint is unusual because there are three joints (humero- 
ulnar, humeroradial, and the proximal radio-ulnar) within the joint capsule. The 
term "elbow joint" typieally refers to the humero-ulnar and humeroradial joints. 

The elbow joint is eomposed of the joints between (1) the humerus and the 
ulna, and (2) the humerus and the radius. The joints between the humerus 


and the radius and ulna enable flexion and extension of the elbow. These 
movements, eombined with the radio-ulnar joints discussed below, allow 
for positioning of the hand to perform numerous aetivities, such as feed- 
ing, grooming, or defense, simply by ehanging the position of the hand with 
respeet to the trunk. 

The largest and strongest joint at the elbow is the humero-ulnar joint, 
where the troehlea of the humerus articulates with the troehlear noteh of the 
ulna. At the smaller hiimeroradial joint, which is lateral to the humero-ulnar 
joint, the capitulum of the humerus articulates with the head of the radius 

(Figure 8.10 . 

The elbow joint is a very stable joint because (1) the bony smfaees of the 
humerus and ulna interloek to prevent lateral movement and rotation, (2) the 
articular capsule is very thiek, and (3) strong ligaments reinforee the capsule. The 
ulnar eollateral ligament stabilizes the medial surface of the joint. This liga- 
ment extends from the medial epieondyle of the humerus anteriorly to the eor- 
onoid proeesses of the ulna and posteriorly to the oleeranon igure 8.10a r b' . 
The radial eollateral ligament stabilizes the lateral surface of the joint. 
It extends between the lateral epieondyle of the humerus and the annular 
ligament that binds the proximal radial head to the ulna gure 8.10e). 

Despite the strength of the capsule and ligaments, severe impaet or 
unusual stress ean damage the elbow joint. For example, the repetitive, 
high-veloeity motions involved in throwing ean injure the ulnar eollateral 
ligament. (The eommon term for the surgical procedure to repair the ulnar 
eollateral ligament is Tommy John smgery —named for a piteher for the Los 
Angeles Dodgers baseball team who was one of the first professional athletes 
to undergo the procedure, in 1974.) Less violent stresses ean disloeate or oth- 
erwise injure the elbow, espeeially if epiphyseal growth is not eomplete. For 
example, parents in a hurry may drag a ehild along behind them, exerting an 
upward, twisting pull on the elbow joint that results in a partial disloeation 
known as “mirsemaid's elbow. ,> 
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Figure 8.10 The Elbovv Joint. The elbovv joint is a complex hinge joint formed betvveen 
the humerus and the ulna and radius. All vievvs are of the right elbovv joint. 
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A posterior view; the posterior portion of the capsule has been 
cut and the joint eavity opened to show the opposing surfaces. 
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Medial view. The radius is shown pronated; note the 
position of the bieeps braehii tendon, which inserts 
on the radial tuberosity. 
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Sagittal view of the elbow. The radius is pronated. 
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The Radio-iilnar Joints 


8.7 The Joints of the Wrist and Hand 


► KEY POINT The antebraehial interosseous membrane anatomieally links the 
proximal and distal radio-ulnar joints; motion at one joint is alvvays aeeompanied 
by motion at the other joint. The anatomy of the radio-ulnar joints allovvs prona- 
tion (medial rotation) and supination (lateral rotation) of the forearm. 

At the proximal radio-ulnar joint, the head of the radius articulates with the 
radial noteh of the ulna. The amilar ligament and the quadrate ligament hold 
the head of the radius in plaee gure 8.11a). The articulating surfaces of the 
distal radio-ulnar joint are the ulnar noteh of the radius, the radial noteh of the 
ulna, and the articular dise. A series of radio-ulnar ligaments and the antebraehial 
interosseous membrane hold these articulating surfaces together iigure 8.11b] . 

Muscles that insert on the radius eontrol pronation and supination at the 
radio-ulnar joints. The largest is the bieeps braehii, which eovers the anterior 
surface of the arm. Its tendon is attaehed to the radius at the radial tuberos- 
ity, and muscle eontraetion here both flexes the elbow and supinates the fore- 
arm. (The muscles that move the elbow and radio-ulnar joints are explained in 
detail in ehapter 11.) 



CONCEPT CHECK 

11 What bones make up the elbovv joint, and hovv do 
they articulate? 

12 Your roommate eomplains of elbovv pain vvhile he 
is pronating and supinating his forearm. Is the pain 
really originating in the elbovv joint? Hovv would you 
explain this to your roommate? 


See the blue Ansvvers tab at the baek of the book. 


Figure 8.11 The Radio-ulnar Joints 


► KEY POINT The joints of the vvrist and hand are numerous and complex. 
Wrist movement relative to the forearm occurs at only tvvo points: the radio- 
ulnar joint and the interearpal joints (the joints betvveen the proximal and distal 
rovvs of earpal bones). The joints betvveen the individual earpal bones of the vvrist 
do not play a role in moving the hand relative to the forearm. Other joints of the 
hand are betvveen the (1) distal earpal rovv of earpal bones and the metaearpals, 
(2) metaearpal bones and proximal phalanges, (3) proximal and middle phalan- 
ges, and (4) middle and distal phalanges. 


The Joints of the Wrist I 

► KEY POINT Unlike the shoulder joint, the elbovv joint, or the radio-ulnar 
joint, the vvrist joint plays little or no role in positioning the hand. The position 
of the vvrist, hovvever, does affeet the function of the tendons of the muscles that 
move the fingers. 


The wrist joint eonsists of the radioearpal joint and the interearpal joints 

gure 8.1 . The radioearpal joint involves the distal articulating surface of 

the radius and three of the four proximal earpal bones: the seaphoid, hrnate, 
and triquetrum. The radioearpal joint is a eondylar joint that allows flexion/ 
extension, adduction/abduction, and circumduction. The interearpal joints are 
plane joints that allow sliding and slight twisting movements. 

Wrist Stability 

Not all earpal smfaees form interearpal joints. Those smfaees that do not form 
a joint are roughened for the attaehment of ligaments and for the passage of 
tendons. A tough eonneetive tissue capsule, reinforeed by broad ligaments, 
surrounds the wrist and stabilizes the positions of the individual earpal bones 
gure 8.12b,c]. Fom major ligaments stabilize the wrist: 
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■ The palmar radioearpal ligament eonneets the distal radius to the ante- 
rior surfaces of the seaphoid, lunate, and triquetrum. 

■ The dorsal radioearpal ligament eonneets the distal radius to the poste- 
rior surfaces of the seaphoid, lunate, and triquetrum. 

■ The ulnar eollateral ligament extends from the ulnar styloid proeess to 
the medial smfaee of the triquetrum. 

■ The radial eollateral ligament extends from the radial styloid proeess to 
the lateral smfaee of the seaphoid. 

In addition to these prominent ligaments, interearpal lígaments eonneet 
the earpal bones, and digitoearpal ligaments attaeh the distal earpal bones 
to the metaearpal bones gure 8.12c). Tendons pass aeross the anterior and 
posterior smfaees of the vvrist joint and provide additional reinforeement. Ten- 
dons of muscles that flex the wrist and finger joints pass over the anterior sm- 
faee of the wrist joint superficial to the ligaments of the wrist joint, whereas 
tendons of muscles that extend the wrist and finger joints pass aeross the pos- 
terior smfaee. A pair of broad transverse ligaments areh aeross the anterior and 
posterior smfaees of the wrist superficial to these tendons, holding the tendons 
in position. 

The Joints of the Hand 

► KEY POINT The anatomy of the hand permits balanee, stability, and 
eontrol—in particular, the fine eontrol of a finger grip. 

The earpal bones articulate with the metaearpal bones of the palm ìgure 8.12a' . 
The first metaearpal bone has a saddle joint at the wrist, the earpometaearpal 
joint of the thumb íigure 8.12b,cfl . All other earpal/metaearpal joints are 
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Figure 8.12 The Joints of the Wrist and Hand 
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Seetional view through the wrist showing the radioearpal, 
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plane joints. An interearpal joint is formed by earpal/earpal articulations. The 
joints between the metaearpal bones and the proximal phalanges (metaearpo- 
phalangeal joints) are eondylar, permitting flexion/extension and adduction/ 
abduction. The interphalangeal joints are hinge joints that allow flexion and 
extension igure 8.12d . 

Table 8.3 summarizes the eharaeteristies of the joints of the upper limb. 


8.8 The Hip Joint 

► KEY POINT The hip joint, between the head of the femur and the aee- 
tabulum of the hip, is the strongest synovial joint of the appendicular skele- 
ton. This joint is a triaxial, synovial ball-and-soeket joint that transmits forees 
from the femur to the pelvis and positions the femur for movement of the 
body. 



CONCEPT CHECK 

13 What six structures contribute to the stability of the 
vvrist? 


14 What types of movements are permitted betvveen 
the metaearpophalangeal joints? 


See the blue Ansvvers tab at the baek of the book. 


The hip joint is a ball-and-soeket joint Figure 8.13]. A pad of fibrous 
eartilage, the acetabular labrum, eovers the articular surface of the aee- 
tabulum and extends like a horseshoe along the sides of the acetabular 
noteh igure 8.13a,c] . A fat pad eneased in a synovial membrane eovers 
the eenter of the acetabulum. This fibrous eartilage pad aets as a shoek 
absorber, and the adipose tissue stretehes and cushions without causing 
damage. 
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Figure 8.1 The Hip Joint. Vievvs of the hip joint and supporting ligaments. 
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Anterior view of the right hip joint. This joint is extremely 
strong and stable, mostly because of the massive capsule. 



Posterior view of the right hip joint showing additional 
ligaments that strengthen the capsule. 


The Artieiilar Capsule 

► KEY POINT The capsule of the hip joint is strong and dense and provides 
stability for the hip joint. The capsule is eomposed of strong circular fibers that 
surround the neek of the femur and three capsular ligaments that twist as they 
pass from the pelvis to the femur. 

The articular capsule of the hip joint is dense, strong, and deep gure 8.13b,c . 
Unlike the capsule of the shoulder joint, the capsule of the hip joint contributes 
extensively to joint stability. The capsule extends from the lateral and inferior 
surfaces of the hip bones to the intertroehanterie line and intertroehanterie 
erest of the femur. This arrangement eneloses the femoral head and neek of the 
femur, preventing the head from moving away from the acetabulum. The aee- 
tabular labrum also inereases the depth of the acetabulum and, therefore, the 
stability of the hip joint gure 8.13a,c) . 


Hip Stabilization 

► KEY POINT The hip joint has four reinforeing capsular ligaments: two loeated 
anteriorly and two posteriorly. These ligaments are so strong that the neek of the 
femur will fracture before the capsule tears or the hip disloeates. 

Four broad ligaments strengthen the articular capsule igure 8.13b,c] . Three 
of them are thiekenings of the capsule: the iliofemoral, pubofemoral, and 
isehiofemoral ligaments. The transverse acetabular ligament erosses the 
acetabular noteh and eompletes the inferior border of the acetabular fossa. 
A fifth ligament, the ligament of the femoral head originates along the 
transverse acetabular ligament and attaehes to the eenter of the femoral 
head gures 8.13a and 8.14). This ligament tightens when the thigh is 
flexed and externally rotated. Surrounding muscles also stabilize the hip joint. 
Although flexion, extension, adduction, abduction, and rotation occur at the 
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Figure 8.14 Artieiilar Structure of the Hip Joint. Coronal seetional 
vievvs of the hip joint. 
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hip, flexion is the most important normal movement. The eom- 
bination of ligaments, capsular fibers, the depth of the aeetab- 
ulum, and the surrounding muscles helps to limit the range of 
motion of these movements. The almost eomplete bony soeket 
enelosing the head of the femur, the strong articular capsule, 
the stout supporting ligaments, and the dense muscular pad- 
ding make this an extremely stable joint. Because of this stabil- 
ity, fractures of the femoral neek or between the troehanters are 
more eommon than hip disloeations. 


8.8 CONCEPT CHECK 



15 Explain vvhy disloeations of the hip are 
rare. 


5ee the blue Ansvvers tab at the baek of the book. 


8.9 The Knee Joint 

► KEY POINT The knee joint has two articulations within one 
capsule: the joint between the tibia and the femur and the joint 
between the femur and the patella. The tibiofemoral joint is a 
synovial hinge joint. This biaxial joint allows flexion, extension, 
and slight rotational movements. 

The knee joint, along with the hip and ankle joints, supports 
the body's weight during a variety of aetivities, such as stand- 
ing, walking, and mnning. However, the knee must provide this 
support while (1) permitting the largest range of motion of any 
joint of the lower limb, (2) laeking the large muscle mass that 
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Table 8.3 


Joints of the Peetoral Girdle and Upper Limb 


Element 

Joint 

Type of Artieiilation 

Movements 

Sternum/clavicle 

Sternoclavicular 

Plane diarthrosis (a double "plane joint," with two 
joint eavities separated by an articular eartilage) 

Protraetion/retraetion, depression/elevation, slight 
rotation 

Scapula/clavicle 

Acromioclavicular 

Plane diarthrosis 

Slight gliding movement 

Scapula/humerus 

Glenohumeral (shoulder) 

Ball-and-soeket diarthrosis 

Flexion/extension, adduction/abduction, 
circumduction, rotation 

Humerus/ulna and 
humerus/radius 

Elbow (humeroulnar and 
humeroradial) 

Hinge diarthrosis 

Flexion/extension 

Radius/ulna 

Proximal radio-ulnar 

Pivot diarthrosis 

Rotation 

Distal radio-ulnar 

Pivot diarthrosis 

Pronation/supination 

Radius/carpal bones 

Radioearpal 

Condylar diarthrosis 

Flexion/extension, adduction/abduction, 
circumduction 

Carpal bone/earpal bone 

interearpal 

Plane diarthrosis 

Slight gliding movement 

Carpal bone/metaearpal 
bone 1 

Carpometacarpal of 
thumb 

Saddle diarthrosis 

Flexion/extension, adduction/abduction, 
circumduction, opposition 

Carpal bones/metaearpal 
bones II—V 

Carpometacarpal 

Plane diarthrosis 

Slight flexion/extension, adduction/abduction 

Metaearpal bones/ 
phalanges 

Metaearpophalangeal 

Condylar diarthrosis 

Flexion/extension, adduction/abduction, 
circumduction 

Phalanx/phalanx 

Interphalangeal 

Hinge diarthrosis 

Flexion/extension 


r 




supports and strengthens the hip, and (3) laeking the strong ligaments that 
support the ankle joint. 

Although the knee functions as a hinge joint, it is more complex than the 
elbow. Because the rounded femoral eondyles roll and glide aeross the superior sur- 
faee of the tibia, the points of eontaet are eonstantly ehanging. The knee is less sta- 
ble than other hinge joints, and a small amount of rotation occurs in addition to 
flexion and extension. The knee is eomposed of two joints within a single joint eap- 
sule: a joint between the tibia and femur (the tibiofemoral joint) and one between 
the patella and the patellar surface of the femur (the patellofemoral joint). 

The Articular Capsule 

► KEY POINT The capsule of the knee joint is large and extends from the distal 
femur to the proximal tibia, and includes the patella. Note that the joint between 
the tibia and fibula is not loeated within the knee capsule. The knee capsule and its 
reinforeing ligaments and tendons are important for limiting the motion of the knee. 

The capsule and synovial eavity of the knee joint are complex structures 
gure 8.1 . A pair of fibrous eartilage pads, the medial and lateral 

menisei, lie between the femoral and tibial surfaces gure 8.16b,c). The 
menisei (1) cushion, (2) eonform to the shape of the articulating smfaees as 
the femur ehanges position, (3) inerease the surface area of the tibiofemoral 
joint, and (4) provide lateral stability to the joint. Prominent fat pads at the 
margins of the joint help the bursae reduce frietion between the patella and 
other tissues gure 8.15a,b,d] . 

Supporting Ligaments 

► KEY POINT The ligaments of the knee (1) prevent hyperextension of the 
knee, (2) prevent excessive adduction and abduction of the tibia, (3) prevent an- 
terior or posterior disloeation of the tibia, (4) prevent excessive medial and lateral 
rotation of the tibia, and (5) help eontrol loeking and unlocking of the knee. 

Seven major ligaments stabilize the knee joint. 

■ The quadriceps tendon from the muscles that extend the knee passes 
over the anterior surface of the joint gure 8.15a,d . The patella is 


embedded within this tendon, and the patellar ligament continues to 
its attaehment on the anterior surface of the tibia. The quadriceps tendon 
and the patellar ligament support the anterior surface of the knee joint 
(Figure 8.1 5b), where there is no continuous capsule. 

The remaining supporting ligaments are grouped as either extracapsular 
ligaments or intracapsular ligaments, depending on the loeation of the liga- 
ment with respeet to the articular capsule. The extracapsular ligaments are 
discussed below: 

■ The tibial eollateral ligament ( medial eollateral ligament) reinforees the 
medial surface of the knee joint, and the fibular eollateral ligament 
(lateral eollateral ligament ) reinforees the lateral surface igures 8.15a 
and 8.16 . These ligaments tighten only at full extension, and in this posi- 
tion they stabilize the joint. 

■ Two superficial popliteal ligaments extend between the femur and the 
heads of the tibia and fibula igure 8.16] . These ligaments reinforee the 
baek of the knee joint. 

The intracapsular ligaments are the following: 

■ The anterior cruciate ligament (ACL) and posterior cruciate ligament 
(PCL) ( cruciatuss , eross) attaeh the intereondylar area of the tibia to the 
eondyles of the femur. Anterior and posterior refer to their sites of origin on 
the tibia, and they eross one another as they proeeed to their destinations 
on the femur gure 8.16b,c] . These ligaments limit the anterior and 
posterior movement of the femur and maintain the alignment of the fem- 
oral and tibial eondyles. 

Loeking of the Knee 

► KEY POINT Involiintary lateral rotation of the tibia during the final stages of 
knee extension plays a large role in stabilizing the extended knee and reducing 
the work of the knee extensors during prolonged standing. This proeess, how- 
ever, also contributes to ACL injuries. 

The knee joint normally “loeks” in the extended position. As the knee 
approaehes full extension, a slight lateral rotation of the tibia tightens the 
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Figure 8.15 The Knee Joint, Part I 
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Figure 8.16 The Knee Joint, Part II 
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Posterior view of the extended right knee 
after removing the joint capsule 
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Anterior views of the right knee at full flexion after removing 
the joint capsule, patella, and assoeiated ligaments 
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anterior emeiate ligament, causes the tibial tubercles to beeome “stuck” in 
the intereondylar noteh of the femur, and jams the menisei between the tibia 
and femur. This meehanism stabilizes the knee joint and permits standing for 
long periods without using (and tiring) the extensor muscles. Knee flexion 
is preeeded by unlocking the knee—a reversal of the loeking motions, which 
loosens the ACL and slightly rotates the tibia medially. Table 8.4 summarizes 
information about the joints of the lower limb. 

8.9 CONCEPT CHECK 

16 What are the cruciate ligaments and what is their 
role in maintaining stability of the knee joint? 

See the blue Ansvvers tab at the baek of the book. 


8.10 The Joints of the Ankle and Foot 

► KEY POINT The joints between the tibia, fibula, and talus are eommonly re- 
ferred to as the ankle. The joints of the foot lend both flexibiIity and stability to 
the foot so that it ean successfully support the weight of the body. 

The Ankle Joint 

► KEY POINT The ankle is a synovial joint that dorsiflexes and plantar flexes, so 
it is a uniaxial joint. 

The ankle joint, or talocrural joint, is a hinge joint formed by joints of the 
tibia, the fibula, and the talus Figures 8.1 and 8.18 . The ankle joint per- 
mits limited dorsiflexion and plantar flexion. 

The weight-bearing joint of the ankle is the tibiotalar joint, the joint 
between the distal articular surface of the tibia and the troehlea of the talus. 
Normal functioning of the tibiotalar joint depends on medial and lateral 
stability at this joint. Three joints provide this stability: (1) the proximal 
tibiofibular joint, (2) the distal tibiofibular joint, and (3) the fibulotalar 
joint. 


The proximal tibiofibular joint is a plane joint between the postero- 
lateral surface of the tibia and the head of the fibula. The distal tibiofibular 
joint is a fibrous syndesmosis between the distal faeets of the tibia and fib- 
ula. The joint formed between the lateral malleolus of the fibula and the 
lateral articular surface of the talus is the fibulotalar joint. Ligaments on 
the tibia and fibula hold these two bones in plaee, limiting movement at the 
two tibiofibular joints and the fibulotalar joint. Medial and lateral stability 
of the ankle results from maintaining the eorreet amount of movement at 
these joints. 

The anterior and posterior portions of the joint capsule are thin, but the lat- 
eral and medial surfaces are strong and reinforeed by ligaments ígure 8.18b-d . 
The major ligaments are the medial deltoid ligament and the three lateral 
ligaments. The malleoli, supported by these ligaments and bound together 
by the tibiofibular ligaments, prevent the ankle bones from sliding from side 
to side. 

The Joints of the Foot 

► KEY POINT The foot must be both stable and flexible. It must be stable to 
support the weight of the body above and absorb shoek from eontaeting the 
ground below. At the same time, it must be flexible enough to walk or run on un- 
even surfaces. The foot must also be strong enough to propel the body forward 
during walking and mnning. The foot ean do this because of its joint anatomy. 

Four groups of synovial joints are found in the foot igures 8.1 and 8.18] : 

o The intertarsal joints are plane joints that permit limited sliding and 
twisting movements. The joints between the tarsal bones are similar to 
those between the earpal bones of the wrist. 

o The tarsometatarsal joints are plane joints that also allow limited sliding 
and twisting movements. The first three metatarsal bones articulate with 
the medial, intermediate, and lateral cuneiform bones. The fourth and 
fifth metatarsal bones articulate with the cuboid. 

o The metatarsophalangeal joints are eondylar joints that permit flexion/ 
extension and adduction/abduction. Joints between the metatarsal bones 
and phalanges resemble those between the metaearpal bones and pha- 
langes of the hand. The first metatarsophalangeal joint is eondylar, rather 


Table 8.4 


Joints of the Pelvie Girdle and Lower Limb 


Element 

Joint 

Type of Artieiilation 

Movements 

Sacrum/hip bones 

Saero-iliae 

Plane diarthrosis 

Gliding movements 

Pubic bone/pubic bone 

Pubic symphysis 

Amphiarthrosis 

None* 

Hip bones/femur 

Hip 

Ball-and-soeket diarthrosis 

Flexion/extension, adduction/abduction, 
circumduction, rotation 

Femur/tibia 

Knee 

Complex, functions as hinge 

Flexion/extension, limited rotation 

Tibia/fibula 

Tibiofibular (proximal) 

Plane diarthrosis 

Slight gliding movements 

Tibiofibular (distal) 

Plane diarthrosis and amphiarthrotie syndesmosis 

Slight gliding movements 

Tibia and fibula with 
talus 

Ankle, or talocrural 

Hinge diarthrosis 

Dorsiflexion/plantar flexion 

Tarsal bone to tarsal 
bone 

Intertarsal 

Plane diarthrosis 

Slight gliding movements 

Tarsal bones to 
metatarsal bones 

Tarsometatarsal 

Plane diarthrosis 

Slight gliding movements 

Metatarsal bones to 
phalanges 

Metatarsophalangeal 

Condylar diarthrosis 

Flexion/extension, adduction/abduction 

Phalanx/phalanx 

Interphalangeal 

Hinge diarthrosis 

Flexion/extension 



During pregnaney, hormones weaken the symphysis and permit movement important to ehildbirth (see ehapter 28). 
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Figiire 8.1 The Joints of the Ankle and Foot, Part I 
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Taloealeaneal Navicular Medial cuneiform 
joint 


*** r- 


Tendon of flexor digitomm brevis 


Navicular 


Medial cuneiform 


Head of first 

metatarsal 

bone 



Flexor hallucis 
brevis 


b 


A eorresponding MRI sean of the left ankle and proximal portion 
of the foot 


Metatarsophalangeal joint 
Interphalangeal joint 



Longitudinal seetion of the left foot identifying major joints and assoeiated structures 



CLINICAL NOTE 


Ankle lnjuries 

Ankle injuries ean involve 
the traversing muscles and 
tendons (strains), the stabilizing lig- 
aments (sprains), the bones of the 
ankle (fractures) # or a eombination 
of tissues. Ankles are injured when 
they are twisted out of their norma 
position, usually with weight- 
bearing aetivity. Inversion injuries 
are most eommon. 

Excessive eversion of the ankle 
ean result in a Pott's fraetiire, also 
ealled a bimalleolar fracture. This 
excessive eversion puts signifieant 
strain on the strong media 
igaments of the ankle # causing 
fractures of the medial malleolus 
of the distal tibia and the lateral 
malleolus of the distal fibula. 



Ligamentous injury with lateral 
ankle instability 



Bony injury with tibial and fibular fractures 
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Figure 8.18 The Joints of the Ankle and Foot, Part II 
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Posterior view of a eoronal seetion 
through the right ankle after plantar 
flexion. Note the plaeement of the 
medial and lateral malleoli. 


Tarsometatarsal ligaments 


e 


Lateral view of the right foot showing 
ligaments that stabilize the ankle joint. 


Calcaneocuboid Cuboid 
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Medial view of the right ankle showing the medial ligaments. 



X-ray of right ankle, medial/lateral projeetion. 
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than saddle-shaped like the first metaearpophalangeal joint of the hand; 
therefore, the great toe is not as flexible as the thumb. A pair of sesamoid 
bones often forms in the tendons that eross the inferior surface of this 
joint, and their presenee further restriets movement. 

o The interphalangeal joints are hinge joints that permit flexion and 
extension. 

8.10 CONCEPT CHECK 

17 What is the primary vveight-bearing joint in the ankle? 

18 What joints provide medial and lateral stability in the 
ankle? 

See the blue Ansvvers tab at the baek of the book. 



8.11 Aging and Joints 

► KEY POINT Ag ing affeets bones and joints in a variety of ways, many of 
which result in a deereased range of motion at joints and an inereased risk of 
fractures. Regular exercise, particularly weight-bearing and flexibility exercises, 
ean slow the effeets of aging and help maintain the normal functioning of bones 
and joints. 

We subject our joints to heavy wear and tear throughout our lifetime, so it is no 
surprise that problems with joint function are eommon, espeeially in older peo- 
ple. Rheumatism (RU-ma-tizm) is a general term for the pain and stiffness 


affeeting joints or other parts of the the skeletal system, the muscular system, 
or both. Arthritis (ar-THRÍ-tis), inflammation of the joints, is a type of rheu- 
matie disease that affeets synovial joints. Arthritis always damages the articular 
eartilages, but the speeifie causes vary. For example, arthritis ean result from 
baeterial or viral infeetion, injury to the joint, metabolie problems, or severe 
physieal stresses. 

With age, bone mass deereases and bones beeome weaker, so the risk of 
fractures inereases. If osteoporosis develops, bones weaken to the point where 
fractures occur in response to stresses that could easily be tolerated by normal 
bones. 

Bone healing proeeeds very slowly. In the ease of hip fractures, the power- 
ful muscles that surround the hip joint often prevent proper alignment of the 
bone fragments. Fractures at the greater or lesser troehanter generally heal well 
if the joint ean be stabilized; steel frames, pins, screws, or some eombination of 
these deviees may be used to preserve alignment and permit healing. 

Although hip fractures are most eommon among those over 60, in reeent 
years the ineidenee of hip fractures has inereased dramatieally among young, 
healthy professional athletes. 



CONCEPT CHECK 

19 Your grandmother is eomplaining about ehronie joint 
pain that her physieian says is caused by arthritis. She 
asks you to explain vvhat arthritis is. What should you 
tell her? 


See the blue Ansvvers tab at the baek of the book. 




Study Oiitline 


lntroduction p. 204 

Joints (articulations) occur vvherever tvvo bones eontaet one 
another. The function of a joint depends on its anatomy. Joints 
may permit (1) no movement, (2) slight movement, or (3) extensive 
movement. 

8.1 Joint dassifieation p. 204 

Three eategories of joints are based on range of movement. 
Immovable joints are synaroses, slightly movable joints are 
amphiarthroses, and freely movable joints are diarthroses. 
Joints may be elassified by function or by structure. fSee Table 8.1.) 


Diarthroses (Freely Movable Joints) p. 204 

A vvide range of movement is permitted at a diarthrosis, 
or synovial joint. These joints possess seven eommon 
eharaeteristies: a joint capsule, articular eartilages, a fluid- 
filled synovial eavity, a synovial membrane, aeeessory capsular 
ligaments, sensory nerves, and blood vessels that supply the 
synovial membrane. The articular eartilages are lubricated by 
synovial fluid. Other aeeessory structures ean include menisei, 
fat pads, ligaments, tendons, bursae, and tendon sheaths. 
(See Figure 8.1.) 

A joint eannot have both great strength and great mobility at the 
same time. The stronger the joint, the less mobile it is; the more 
mobile the joint, the vveaker it is. 


Synarthroses (Immovable Joints) p. 204 

ln a synarthrosis, bony edges are elose together and may 
interloek. Examples of synarthroses include a suture betvveen skull 
bones, a gomphosis betvveen teeth and javvs, a synehondrosis 
betvveen bone and eartilage in an epiphyseal plate, and a 
synostosis, vvhere tvvo bones fuse and the boundary betvveen 
them disappears. 

Amphiarthroses (Slightly Movable Joints) p. 204 

Very limited movements are permitted in an amphiarthrosis. 
Examples of amphiarthroses are a syndesmosis, vvhere eollagen 
fibers eonneet bones of the leg, and a symphysis, vvhere bones 
are separated by a pad of fibrous eartilage. 


8.2 Articular Form and Fiinetion p. 207 

Deseribing Dynamie Motion and the Structural 
dassifieation of Synovial Joints p. 207 

Synovial joints are freely movable diarthrotie joints that ean be 
elassified aeeording to their anatomieal functional properties. (See 
Spotlight Figure 8.2.) 

Types of Movements p. 207 

Examples of angular motion include abduction, adduction, flexion, 
and extension. All movements are deseribed vvith referenee to a 
figure in the anatomieal position. (See Figure 8.3.) 
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Abduction is the movement away from the longitudinal axis of 
the body in the frontal plane. fSee Figure 8.3a,c.) Adduction is the 
movement toward the longitudinal axis of the body in the frontal plane. 


and posterior sternoclavicular ligaments, along with the 
interclavicular and costoclavicular ligaments, reinforee the 
joint capsule. fSee Figure 8.8.) 


Flexion is a movement in the anterior-posterior plane that 
reduces the angle between the articulating elements. Extension 
is a movement in the same plane as flexion f but in the opposite 
direetion. fSee Figure 8.3b.) 

Hyperextension is a term applied to any movement in which a 
limb is extended beyond its normal limits. 

A speeial type of angular motion is circumduction, movement of 
an extremity in a circular direetion. (See Figure 8.3d.) 

Rotation of the head may involve left rotation or right rotation. 
Rotation of the limbs may involve internal rotation (or medial 
rotation) and external rotation (or lateral rotation). (See Figure 8.4.) 

Speeial terms apply to speeifie joints or unusual types of movements. 
These include eversion, inversion, dorsiflexion, plantar flexion, 
lateral flexion, protraetion, retraetion, opposition, reposition, 
elevation, and depression. (See Figure 8.5.) 

8.3 The Temporomandibiilar Joint p.212 

The temporomandibular joint (TMJ) involves the mandibular 
fossa of the temporal bone and the eondylar proeess of the 
mandible. This joint has a thiek pad of fibrous eartilage, the 
articular dise. Supporting structures include the lateral ligament, 
the stylomandibular ligament, and the sphenomandibular 
ligament. This relatively loose hinge joint permits small amounts 
of gliding and rotation. (See Figure 8.6.) 

8.4 Intervertebral Joints p. 212 


The Shoulder Joint p. 217 

The shoulder joint, or glenohumeral joint, formed by the glenoid 
fossa and the head of the humerus f is a loose f shallow joint that permits 
the greatest range of motion of any joint in the body. It is a ball-and- 
soeket diarthrosis. Strength and stability are saerifieed to gain mobility. 

The ligaments and surrounding rrmseles and tendons provide 
strength and stability. The shoulder has a large number of bursae 
that reduce frietion as large muscles and tendons pass aeross the 
joint capsule. (See Figures 8.9 and 12.10 and dinieal Note on p. 219.) 

8.6 The Elbovv and Radio-iilnar Joints p. 219 

The Elbow Joint p. 219 

The elbow joint is eomposed of the joints between (1) the 
humerus and the ulna f (2) the humerus and the radius f (3) between 
the humerus and the ulna (humero-ulnar joint) and (4) between 
the humerus and the radius (humeroradial joint). 

Radial and ulnar eollateral ligaments and anular ligaments 

stabilize this joint. (See Figure 8.10.) 

The Radio-ulnar Joínts p. 221 

The proximal radio-ulnar and distal radio-ulnar joints allow 
for supination and pronation of the forearm. The head of the 
radius is held in plaee by the anular ligament, whereas the 
distal radio-ulnar articulating surfaces are held in plaee by a 
series of radio-ulnar ligaments and the antebraehial interosseous 
membrane. fSee Figure 8.11.) 


Zygapophysial Joints p. 212 

The zygapophysial joints are plane joints that are formed by the 
superior and inferior articular proeesses of adjaeent vertebrae. The 
bodies of adjaeent vertebrae form symphyseal joints. 

The Intervertebral Dises p. 213 

The vertebrae are separated by intervertebral dises eontaining 
an inner soft f elastie gelatinous core f the nucleus pulposus, and 
an outer layer of fibrous cartilage f the anulus fibrosus. fSee 
Figure 8.7 and dinieal Note on p. 214.) 

Intervertebral Ligaments p. 215 

Numerous ligaments bind together the bodies and proeesses of all 
vertebrae. fSee Figure 8.7.) 

Vertebral Movements p. 215 

The joints of the vertebral column permit anterior flexion and 
posterior extension f lateral flexion, and rotation. 

Joints of the axial skeleton are summarized in Table 8.2. 

8.5 The Shoiilder Complex p. 21 6 

The shoulder complex is eomposed of the clavicle f scapula f and 
humerus and their assoeiated joints and supporting structures. 
These bones link the upper limb to the thorax. 

The Sternodavieiilar Joint p. 216 

The sternoclavicular joint is a plane joint that lies between the 
sternal end of eaeh elaviele and the manubrium of the sternum. 

An articular dise separates the opposing surfaces. The anterior 


8.7 The Joints of the Wrist and Hand p. 221 

The Joints of the Wrist p. 221 

The wrist joint is formed by the radioearpal joint and the 
interearpal joints. The radioearpal joint is a eondylar joint 
that involves the distal articular surface of the radius and three 
proximal earpal bones (scaphoid f lunate f and triquetrum). The 
radioearpal joint permits flexion/extension f adduction/abduction f 
and circumduction. A eonneetive tissue capsule and broad 
ligaments stabilize the positions of the individual earpal bones. The 
interearpal joints are plane joints. (See Figure 8.12.) 

The Joints of the Hand p. 221 

Five types of diarthrotie joints are found in the hand: (1) earpal bone/ 
earpal bone (interearpal joints), plane diarthrosis; (2) earpal bone/ 
first metaearpal bone (earpometaearpal joint of the thumb) f 
saddle diarthrosis f permitting flexion/extension f adduction/abduction f 
circumduction f opposition; (3) earpal bones/metaearpal bones II—V 
(earpometaearpal joints), plane diarthrosis f permitting slight flexion/ 
extension and adduction/abduction; (4) metaearpal bone/phalanx 
(metaearpophalangeal joints), eondylar diarthrosis f permitting 
flexion/extension f adduction/abduction f and circumduction; and 
(5) phalanx/phalanx (interphalangeal joints), hinge diarthrosis f 
permitting flexion/extension. (See Figure 8.12 and Table 8.3.) 

8.8 TheHipJoint p. 222 

The hip joint is a ball-and-soeket diarthrosis between the head of 
the femur and the acetabulum. The joint permits flexion/extension f 
adduction/abduction f circumduction f and rotation. fSee Figures 
8.13 and 8.14.) 
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The Joints of the Ankle and Foot p. 228 


The Artieiilar Capsule p. 223 

The artieiilar capsule of the hip joint is reinforeed and stabilized 
by four broad ligaments: the iliofemoral, pubofemoral, 
isehiofemoral, and transverse acetabular ligaments. 

(See Figure 8.13.) 

Hip Stabilization p. 223 

The ligament of the femoral head helps stabilize the hip joint. 
fSee Figures 8.13 and 8.14.) 

8.9 TheKneeJoint p.224 

The knee joint functions as a hinge joint, but is more complex than 
standard hinge joints such as the elbovv. Structurally, the knee is 
eomposed of tvvo joints: (1) one betvveen the tibia and femur and 
(2) one betvveen the patella and the patellar surface of the femur. 
The joint permits flexion/extension and limited rotation. fSee 
Figures 8.15 and 8.16, and Table 8.4.) 

The Artiemlar Capsule p. 225 

The articular capsule of the knee is not a single unified capsule 
vvith a eommon synovial eavity. It eontains (1) fibrous eartilage 
pads, ealled the medial and lateral menisei, and (2) fat pads. 
fSee Figures 8.15 and 8.16.) 

Supporting Ligaments p. 225 

Seven major ligaments bind and stabilize the knee joint: the 

patellar, tibial eollateral, fibular eollateral, popliteal (tvvo), 
and anterior and posterior emeiate ligaments (ACL and PCL, 

respeetively). fSee Figures 8.15 and 8.16.) 

Loeking of the Knee p. 225 

The knee joint typieally "loeks" in the extended position, thereby 
stabilizing the knee. At full extension, a slight lateral rotation 
of the tibia tightens the anterior cruciate ligament and jams the 
meniscus betvveen the tibia and femur, thereby "loeking" the knee. 


8.10 

The Ankle Joint p. 228 

The ankle joint, or taloemral joint, is a hinge joint formed by 
the inferior surface of the tibia, the lateral malleolus of the fibula, 
and the troehlea of the talus. The primary joint is the tibiotalar 
joint. The tibia and fibula are bound together by anterior and 
posterior tibiofibular ligaments. With these stabilizing ligaments 
holding the bones together, the medial and lateral malleoli prevent 
lateral or medial sliding of the tibia aeross the troehlear surface. 

The ankle joint permits dorsiflexion/plantar flexion. The medial 
deltoid ligament and three lateral ligaments further stabilize 
the ankle joint. (See Figures 8.17 and 8.18.) 

The Joints of the Foot p. 228 

Four types of diarthrotie joints are in the foot: (1) tarsal bone/ 
tarsal bone (intertarsal joints, named after the partieipating 
bone), plane diarthrosis; (2) tarsal bone/metatarsal bone 
(tarsometatarsal joints), plane diarthrosis; (3) metatarsal bone/ 
phalanx (metatarsophalangeal joints), eondylar diarthrosis, 
permitting flexion/extension and adduction/abduction; and 
(4) phalanx/phalanx (interphalangeal joints), hinge diarthrosis, 
permitting flexion/extension. fSee Figures 8.17 and 8.18, Table 8.4, 
and dinieal Note on p. 229.) 

8.11 Aging and Joints p. 231 

Problems vvith joint function are relatively eommon, espeeially 
in older people. Rheumatism is a general term for pain and 
stiffness affeeting joints or other parts of the skeletal system, the 
muscular system, or both; several major forms exist. Arthritis 
is inflammation of the joints and is a type of rheumatic disease 
that affeets synovial joints. Both eonditions beeome inereasingly 
eommon vvith age. 


r ^ 

ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item vvith the most 
elosely related lettered item. 

1. no movement. . 

2. synovial. . 

3. inereased angle. . 

4. bursae. . 

5. palm faeing anteriorly. . 

6. digging in heels. . 

7. fibrous eartilage. . 

8. carpus . L_ 

9. menisei. . 

(a) vvrist joint 

(b) dorsiflexion 

(e) fluid-filled poekets 

(d) diarthrosis 

(e) knee 

(f) intervertebral dises 

(g) supination 

(h) extension 

(i) synarthrosis 


10. The function of a bursa is to 

(a) reduce frietion betvveen a bone and a 
tendon. 

(b) absorb shoek. 

(e) smooth the surface outline of a joint. 

(d) both a and b. 

11. Which of the follovving is not a function of 
synovial fluid? 

(a) absorb shoeks 

(b) inerease osmotie pressure vvithin joint 

(e) lubricate the joint 
(d) provide nutrients 

12. Mateh eaeh diagram to the right to the 
follovving terms: 

■ planejoint 

■ hingejoint 

■ pivotjoint 

■ saddlejoint 

■ eondylar joint 

■ ball-and-soeket joint 



(a) _ (d) 

(b) _ (e) 

(e)_ (f) 
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13. Which of the follovving ligaments is not 
assoeiated vvith the hip joint? 

(a) iliofemoral ligament 

(b) pubofemoral ligament 

(e) ligament of the femoral head 
(d) ligamenta flava 

14. Label the follovving structures on the 
diagram of a frontal seetion through the 
right shoulder joint (anterior vievv). 

■ acromioclavicular ligament 

■ subdeltoid bursa 

■ eoraeo-aeromial ligament 

■ eoraeoid proeess 



(a) 

(b) 
(e) 
(d) 


15. A tvvisting motion of the foot that turns the 
sole invvard is 

(a) dorsiflexion. 

(b) eversion. 

(e) inversion. 

(d) protraetion. 

16. The ligaments that limit the anterior and 

posterior movement of the femur and 
maintain the alignment of the femoral and 
tibial eondyles are the_ligaments. 

(a) cruciate 

(b) fibular eollateral 

(e) patellar 

(d) tibial eollateral 

Level 2 Reviewing Concepts 

1. Compare and eontrast the strength and 
stability of a joint vvith respeet to the 
amount of mobility in the joint. 

2. Hovv does the elassifieation of a joint ehange 
vvhen an epiphysis fuses at the ends of a 
long bone? 

3. Hovv do the malleoli of the tibia and fibula 
function to retain the eorreet positioning of 
the tibiotalar joint? 

4. Hovv do articular eartilages differ from other 
eartilages in the body? 

5. What faetors limit the range of motion of a 
mobile diarthrosis? 

6. What role do capsular ligaments play in a 
complex synovial joint? Use the humero- 
ulnar joint to illustrate your ansvver. 


7. What eommon meehanism holds together 
immovable joints such as skull sutures and 
the gomphoses, holding teeth in their 
alveoli? 

8. Hovv ean pronation be distinguished from 
circumduction of a skeletal element? 

9. What would you tell your grandfather about 
his deerease in height as he grows older? 

Level 3 Critical Thinking 

1. When a person involved in an automobile 
aeeident suffers from "whiplash," what 
structures have been affeeted? What 
movements could be responsible for this injury? 

2. Almost all football knee injuries occur 
when the player has the foot "planted" 
and extended ratherthan flexed. What 
anatomieal faets would account for that? 

MasteringA&P’ 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes, ehapter Praetiee 
Test, eiinieal Cases, and more! 


■ Praetiee Anatomy Lab (PAL) 



■ A&P Flix for anatomy 
topies 





CLINICAL CASE | WRAP-UP ' 


Why Does My Knee Hiirt So Much? 


Molly is suffering from tenosynovitis of the tendon of one of the 
hamstring muscles—the semimembranosus. Tenosynovitis is an 
inflammation of the lining of the synovial tendon sheath surrounding 
a tendon. This inflammation causes all of Molly's symptoms. Her key 
signs and symptoms—"elieking" and the feeling that something is 
"eatehing"—are indieators that the tendon is rolling over the femoral 
eondyle of the knee joint when she flexes and extends her leg. 


\ 

Physieal therapists emphasize the differenee between tendonitis 
and tenosynovitis. The key symptom of tendonitis is pain at the point 
of tendon attaehment to the bone, whereas that of tenosynovitis is 
pain along the tendon for an ineh or more. 

1. What is a synovial tendon sheath? 

2. The tendon of the semimembranosus muscle helps form what 
medial structure of the knee joint? 

5ee the blue Ansvvers tab at the baek of the book. 



Related Ginieal Terms 


Bouchard's nodes: Bony enlargements on 
the proximal interphalangeal joints due to 
osteoarthritis. 

ehondromalaeia: Softening of eartilage as a 
result of strenuous aetivity or an ovemse 
injury. 


Heberden's nodes: Bony overgrowths on 
the distal interphalangeal joints due to 
osteoarthritis that cause the patient to have 
knobby fingers. 

joint mice:-Small fibrous, cartilaginous, or bony 
loose bodies in the synovial eavity of a joint. 


pannus:-Granulation tissue (eombination of 
fibrous eonneetive tissue and eapillaries), 
forming within a synovial membrane, which 
releases eartilage-destroying enzymes. 

tophi: Deposits of uric aeid erystals often found 
around joints and usually assoeiated with 
gout. 


234 The Skeletal System 


www.ebook3000.com 






























Miisde Organization 


Learning Oiiteomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


List five functions of skeletal muscle. 

Compare and eontrast the gross and mieroseopie 
anatomy of a skeletal muscle. p. 236 

List and explain the steps involved in the 
eontraetion and relaxation of a skeletal muscle 
fiber. p. 243 


A Case of As mmetrieal Development 





Define a motor unit and explain hovv a motor unit 
is eontrolled by a single motor neuron. p. 247 

Compare and eontrast fast, slovv, and 
intermediate skeletal muscle fibers. p. 248 

Deseribe the arrangement of muscle fibers in 
parallel, eonvergent, pennate, and circular 
skeletal muscles. p. 249 

Explain how a term may indieate the aetion of 
a muscle, the speeifie region of the body where 
a muscle might be found, or the structural 
eharaeteristies of that muscle. p. 251 

Explain how levers and pulleys are used to 
deseribe how a skeletal muscle produces 
movement. p. 253 

Deseribe the effeets of aging on skeletal 
muscles. p. 253 


Abdul, a 26-year-old Afghani refugee, just moved to Miehigan from a 
Pakistani refugee eamp. Abdul's host family brings him to their physieian for 
a physieal examination and immunizations. This is the first time in his life 
that Abdul has seen a doetor. 

Abdul's medieal history includes an early ehildhood illness followed by 
a long reeovery. Afterward, he was unable to walk for over a year, and he 
continues to have signifieant weakness in his left lower limb. When he was a 
young teen, Abdul broke his left tibia, and it took a long time to heal. As he 
grew, the musculature of his left pelvis, thigh, and leg beeame thinner and 
weaker than on his right side. In addition, his left lower limb is shorter than 
the right. His gait is deseribed as a "short leg limp." Because of the differenee 
in the length of his lower limbs, Abdul has seoliosis of his vertebral column. He 
has no reflexes in his left lower limb, but he has normal sensation. 

What could have caused the asymmetrieal muscular development that 
has persisted sinee Abdul's early ehildhood? To find out, turn to the 
dinieal Case Wrap-Up on p. 258. 






















IT IS HARD TO IMAGINE what life would be like without muscle tissue. We 
couldn’t sit, stand, walk, speak, or grasp objeets. Blood would not circulate 
because the heart couldn’t propel it through the vessels. The lungs couldn’t 
empty and fill, nor could food move along the digestive traet. This is not to say 
that all life depends on muscle tissue. There are large organisms that get by very 
nieely without it—we eall them plants. 

Many of our physiologieal proeesses, however, and virtually all our 
dynamie interaetions with the environment, involve muscle tissue. Muscle tis- 
sue is one of the four primary tissue types. There are three types of muscle 
tissue: skeletal muscle, eardiae muscle, and smooth muscle. tD pp. 74-75 
Skeletal muscle tissue moves the body by pulling on bones of the skeleton, 
making it possible for us to walk, danee, or play a musical instmment. Cardiac 
muscle tissue pushes blood through the blood vessels of the cardiovascular sys- 
tem; smooth muscle tissue pushes fluid and solids along the digestive traet and 

I performs varied functions in other systems. These muscle tissues share four 
properties: 

o Excitability: The ability to respond to stimulation. For example, skeletal 
muscles respond to stimulation by the nervous system, and some smooth 
muscles respond to circulating hormones. 

o Contractility: The ability to shorten aetively and exert a pull or tension that 
is harnessed by eonneetive tissues. 

o Extensibility: The ability to eontraet over a range of resting lengths. For 
example, a smooth muscle eell ean be stretehed to several times its original 
length and still eontraet when stimulated. 

Q Elastieity: The ability of a muscle to return to its original length after a 
eontraetion. 

This ehapter focuses on skeletal muscle tissue. Cardiac muscle tissue is 
discussed along with heart anatomy in ehapter 21. Smooth muscle tissue is 
discussed in context of the digestive system in ehapter 25. 

Skeletal muscles are organs eomposed mainly of skeletal muscle, but they 
also eontain parts of all four tissue types. The muscular system of the human 
body has more than 700 skeletal muscles and includes all the skeletal mus- 
eles that are under voluntary eontrol. This ehapter discusses the functions, 
gross anatomy, mieroanatomy, and organization of skeletal muscles, as well as 
muscle terminology. The muscular system is also discussed in the next two 
ehapters: 

■ Chapter 10 discusses the gross anatomy of the axial musculature—skeletal 
muscles assoeiated with the axial skeleton. 

■ Chapter 11 discusses the gross anatomy of the appendicular musculature— 
skeletal muscles assoeiated with the appendicular skeleton. 


9.1 Fimetions of Skeletal Muscle 

► KEY POINT Skeletal muscle has five functions, all of which are essential for 

normal functioning of the human body. 

Skeletal muscles are eontraetile organs direetly or indireetly attaehed to bones 
of the skeleton. Skeletal muscles have the following functions: 

■ Produce skeletal movement: Muscle eontraetions pull on tendons and 
move the bones of the skeleton. The effeets range from simple motions, 
such as extending the arm, to the highly eoordinated movements of swim- 
ming, skiing, or texting. 

■ Maintain posture and body position: Skeletal muscle eontraetion main- 
tains body posture. Without eonstant muscular eontraetion, we could not 
sit upright without eollapsing or stand without falling over. 


■ Support soft tissues: The abdominal wall and the floor of the pelvie eav- 
ity eontain layers of skeletal muscle. These muscles support the viseeral 
organs and proteet internal tissues from injury. 

Regulate the entry and exit of material: Skeletal muscles eneirele the open- 
ings, or orifiees, of the digestive and urinary traets. These muscles provide 
voluntary eontrol over swallowing, defeeation, and urination. 

■ Maintain body temperature: Muscle eontraetions require energy, and some 
of that energy is eonverted to heat. This heat released by eontraeting mus- 
eles helps maintain the body’s normal temperature. 



CONCEPT CHECK 

1 What is shivering, and why do you do it when you are 
eold? 


See the blue Ansvvers tab at the baek of the book. 


9.2 Anatomy of Skeletal Musdes 

► KEY POINT To understand how skeletal muscle moves parts of the body, you 
must understand the gross and mieroseopie anatomy of skeletal muscles. 


Gross Anatomy 

► KEY POINT Skeletal muscle is an organ of the musculoskeletal system. The 
role of skeletal muscle is to to ereate a pulling foree and enable body movement. 

Our study of the gross anatomy of muscle begins with a deseription of the eon- 
neetive tissues that attaeh skeletal muscles to other structures. 


Connective Tissiie 

Eaeh skeletal muscle has three eoneentrie layers, or wrappings, of eonneetive 
tissue: an outer epimysium, a eentral perimysium, and an inner endomysium 

(Figure 9.1] . 

■ The epimysiiim (ep-i-MIS-é-um; epi-, on, + mys, muscle) is a layer of 
dense irregular eonneetive tissue surrounding the entire skeletal muscle. 
The epimysium separates the muscle from surrounding tissues and organs 
and is eonneeted to the deep faseia. t) pp. 65-66, 73 

■ The eonneetive tissue fibers of the perimysiiim (per-i-MIS-è-um; peri-, 
around) divide the muscle into internal eompartments. Eaeh eompartment 
eontains a bundle of muscle fibers ealled a faseiele (FAS-i-kul; fasciculus, 
bundle). The perimysium eontains eollagen and elastie fibers, and numer- 
ous blood vessels and nerves supply eaeh faseiele. 

■ The endomysium (en-dò-MIS-é-um; endo-, inside, + mys, muscle) sur- 
rounds eaeh skeletal muscle fiber (individual skeletal muscle eell), binds 
eaeh muscle fiber to its neighbor, and supports the eapillaries that sup- 
ply the individual fiber. The endomysium eonsists of a delieate network 
of reticular fibers. Seattered myosatellite eells that lie between the 
endomysium and the muscle fibers are stem eells that repair damaged 
muscle tissue. 

Tendons and Aponeuroses At eaeh end of the muscle, the eollagen 

fibers of the epimysium, perimysium, and endomysium eome together and 
form a tendon that attaehes the muscle to bone, eartilage, skin, or another 
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Figure 9.1 Structural Organization of Skeletal Muscle. A skeletal muscle eonsists of bundles of 
muscle fibers (faseieles) enelosed within a eonneetive tissue sheath # the epimysium. Eaeh faseiele 
is then ensheathed by the perimysmm, and within eaeh faseiele the individual muscle fibers are 
surrounded by the endomysium. Eaeh muscle fiber has many nuclei as well as mitoehondria and 
other organelles seen here and in Figure 9.3 . 
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muscle. Tendons that form thiek, flattened sheets are ealled aponeuroses. 
(The anatomy of tendons and aponeuroses was discussed in ehapter 3. t) p. 6[ ) 
The eollagen fibers of the tendon are continuous with the periosteum and 
matrix of bone to which it attaehes, making an extremely strong bond, so that 
any eontraetion of the muscle pulls on the attaehed bone. 

Nerves and Blood Vessels 

Nerves and blood vessels supplying the muscle fibers lie within the eon- 
neetive tissues of the epimysium, perimysium, and endomysium. Skeletal 
muscles are also ealled voliintary miiseles because their eontraetions are eon- 
sciously eontrolled. The nervous system provides this eontrol. Nerves, which 
are bundles of axons, enter the epimysium, braneh through the perimysium, 
and enter the endomysimn to attaeh to individual muscle fibers. Chemical 
communication between a neuron and a skeletal muscle fiber occurs at a 
site ealled the neuromuscular junction (NMJ) gure 9.2 . This is the 


area made up of an axon terminal of a neuron, a speeialized region of the 
plasma membrane ealled the motor end plate, a narrow spaee in between 
ealled the synaptie eleft, and the membrane of the muscle fiber. Eaeh mus- 
ele fiber has one neuromuscular junction, usually loeated midway along its 
length. At the NMJ, the axon terminal of the neuron attaehes to the motor 
end plate of the skeletal muscle fiber. The motor end plate is a speeialized 
area where the axon of a motor neuron establishes synaptie eontaet with a 
skeletal muscle fiber. 

Muscle eontraetion requires tremendous quantities of energy, and the 
blood vessels deliver the oxygen and nutrients needed to produce energy in the 
form of ATP in skeletal muscles. These blood vessels often enter the epimysimn 
alongside the nerves and follow the same branehing pattern through the per- 
imysium. VVithin the endomysium the arteries supply a large eapillary network 
around eaeh muscle fiber. These eapillaries are eoiled rather than straight, so 
they ean withstand ehanges in the length of the muscle fiber. 
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Figure 9.2 Skeletal Muscle Innervation. Eaeh skeletal muscle fiber is stinrmlated by a nerve fiber at 
a neuromuscular junction. 
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Mieroanatomy of Skeletal Musde Fibers 

► KEY POINT Like other eells vvithin the body, skeletal muscle fibers are en- 
elosed by a plasma membrane and eontain a large number of organelles. Hovv- 
ever, the names given to these structures differ from those of other eells. That is, 
the vvord part sareo- meaning flesh, is often part of the term. 

In a skeletal muscle eell, the plasma membrane is ealled the sareolemma 
(sar-kò-LEM-a; sarkos, flesh, + lemma, husk). Within the sareolemma is the eyto- 
plasm, which in a muscle eell is ealled the sareoplasm (SAR-kò-plazm). Skeletal 
muscle fibers differ in several ways from the “typiear’ eell deseribed in ehapter 2: 

■ Skeletal muscle fibers are large eompared with the eells of other tissues. A 
fiber in a leg muscle could have a diameter of 100 jam and a length equal 
to that of the entire muscle (30-40 em, or 12-16 in.). 

■ Skeletal muscle fibers are multinucleate (eontaining more than one 
nucleus). During development, groups of embryonie eells ealled myoblasts 
fuse to form individual skeletal muscle fibers ure 9.3a] . Eaeh skeletal 
muscle fiber eontains hundreds of nuclei deep to the sareolemma 

gure 9.3b,c). This eharaeteristie distinguishes skeletal muscle fibers 
from eardiae and smooth muscle fibers. Some myoblasts do not fuse with 
developing muscle fibers, but remain in adult skeletal muscle tissue as 
stem eells ealled myosatellite eells gores 9.1 and 9.3a] . When a skel- 
etal muscle is injured, these stem eells differentiate and assist in repairing 
and regenerating the muscle. 

■ Deep indentations in the sareolemmal surface form a network of narrow 
tubules ealled transverse tubules, or T tubules, that extend into the sar- 
eoplasm. The sareolemma and these T tubules conduct eleetrieal impulses, 
ealled aetion potentials, to stimulate muscle fiber eontraetion. 

Myofibrils and Myofilaments 

► KEY POINT Skeletal muscle eells feature intracellular myofibrils that extend 
the length of the eell. The organization of the myofibrils and their molecular 
eomponents gives skeletal muscle a striated (striped) appearanee vvhen vievved 
through a mieroseope. 



CLI NICAL NOTE 


Fibrom yalgia 


Fibromyalgia (-algia, pain) is a disorder eharaeterized by 
vvidespread, ehronie (more than three months) musculoskel- 
etal pain usually aeeompanied by fatigue and disturbances in 
sleep, memory, and mood. Anxiety, depression, tension headaehes, 
temporomandibular joint disorders, and irritable bovvel syndrome 
often aeeompany fibromyalgia. "Fibro fog" is a deseriptive term 
for the eognitive difficuIties that may aeeompany this disorder. 
Women are affeeted more frequently than men. Evidenee suggests 
that environmental faetors, physieal or emotional stress, and genes 
play a role in its development. The Ameriean College of Rheuma- 
tology has deseribed nine paired trigger points (sites of repro- 
ducible, signifieant tenderness) that indieate fibromyalgia. All 
laboratory and radiographie studies are normal in fibromyalgia, 
differentiating it from other rheumatologic diseases. 


The sareoplasm of a skeletal muscle fiber eontains hundreds to thousands of 
fine eylindrieal fibers ealled myofibrils. Eaeh myofibril is 1-2 /im in diameter 
and as long as the entire eell ígure 9.3c,cf . The aetive shortening of myofi- 
brils is responsible for skeletal muscle fiber eontraetion. 

Myofibrils are made of protein filaments ealled myofilaments. There are two 
types: thin filaments and thiek filaments. Eaeh eontains several different types of 
proteins, eaeh with a speeifie function during muscle eell eontraetion and relax- 
ation. For example, aetin and myosin are the eontraetile proteins in thin filaments 
and thiek filaments, respeetively. Other proteins include the regulatory proteins 
tropomyosin and troponin, while titin and nebulin are the aeeessory proteins. 

Surrounding eaeh myofibril is the sareoplasmie reticulum (SR), 
a membrane complex similar to the smooth endoplasmie reticulum of other 
eells gure 9.3d] . The SR is the storage and release site of ealemrn ions and 
plays an essential role in eontrolling individual myofibril eontraetion. On eaeh 
side of a T ( transverse ) tubule, the tubules of the SR enlarge, fuse, and form 
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Figure 9.3 The Formation and Structure of a Skeletal Muscle Fiber 
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Figure 9.4 Sareomere Structure 
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expanded ehambers ealled terminal eisternae. The eombination of a pair of 
terminal eisternae plus a T tubule is known as a triad. The membranes of the 
triad are in elose eontaet and tightly bound together, but there is no direet eon- 
neetion between them 1gure 9.3c,d . 

Mitoehondria and glyeogen granules are seattered among the myofibrils. 
Mitoehondrial aetivity and the ehemieal breakdown of glyeogen provide the 
ATP needed to power muscular eontraetions. A skeletal muscle fiber has hun- 
dreds of mitoehondria, more than other eells in the body. 

Sareomere Organization 

Myofibrils are organized in repeating units ealled sareomeres (SAR-kò-mérz; 
sarkos , flesh, + meros, part). Sareomeres are the smallest functional units of mus- 
ele fibers. Differenees in the size, density, and distribution of the thin and thiek 
filaments give the sareomere a banded appearanee (see igures 9.2 and 9.3). 

Figure 9.4 shows the structure of an individual sareomere. The dark 
bands are ealled A bands and the light bands are ealled I bands. These names 
are derived from the terms anisotropie (A band) and isotropie (I band), which 
refer to their appearanee when viewed using polarized light mieroseopy. The 
thiek filaments are at the eenter of eaeh sareomere, in the A band. The A band 
eontains the M line, H band, and zone of overlap. 

The M line is the eenter of the A band; the M stands for middle. Proteins 
of the M line eonneet the eentral portion of eaeh filament to the neighboring 
thiek filaments. M lines stabilize the positions of the thiek filaments. 

The H band is the lighter region on eaeh side of the M line. The H band 
eontains thiek filaments, but no thin filaments. 

The zone of overlap is the dark region where thin filaments are found between 
the thiek filaments. Here, three thiek filaments surround eaeh thin filament, and six 
thin filaments surround eaeh thiek filament. Two tubules eneirele eaeh sareomere, 
and the triads eontaining them are found in the zones of overlap. As a result, eal- 
cium ions released by the SR enter the area where thin and thiek filaments interaet. 

The I band is the region of the sareomere that eontains thin filaments but no 
thiek filaments. The I band extends from the A band of one sareomere to the A band 
of the next sareomere. Z lines, or Z dises, biseet the I bands and mark the boundary 
between adjaeent sareomeres. Z lines are made up of proteins ealled aetinin, which 
intereonneet thin filaments of adjaeent sareomeres. Strands of the elastie protein 
titin extend from the tips of the thiek filaments to the attaehment sites at the Z 
line. Figure 9.í reviews the levels of organization we have discussed so far. 

Thilì Filaments Eaeh thin filament is a twisted strand 5-6 nm in diameter 
and 1 jum long |iure 9.6a,b]. A single thin filament eontains four proteins: 
F-aetin, nebulin, tropomyosin, and troponin. Filamentous aetin, or F-aetin, is a 
twisted strand eomposed of two rows of 300-400 globular molecules of G-aetin. 
G-aetin is the globular (G) subunit of the aetin molecule. A slender strand of the 
protein nebulin extends along the F-aetin strand in the eleft between the rows of 
G-aetin molecules. Nebulin holds the F-aetin strand together. Eaeh molecule of 
G-aetin eontains an aetive site where myosin in the thiek filaments ean bind. 

A thin filament also eontains the regulatory proteins tropomyosin 
(trò-pò-MÍ-ò-sin) and troponin (TRÓ-pò-nin; trope, turning). Tropomyosin 
molecules form a long ehain that eovers the aetive sites on G-aetin, prevent- 
ing aetin-myosin interaetion. Troponin holds the tropomyosin strand in plaee. 
Before a eontraetion ean begin, the troponin molecules must ehange position, 
moving the tropomyosin molecules and exposing the aetive sites. (This meeha- 
nism is discussed in a later seetion.) 

Thiek Filaments Eaeh thiek filament is 10-12 nm in diameter and 1.6 
fim long and is eomposed of a bundle of myosin molecules, eaeh made up of 
a pair of myosin subunits twisted around one another igure 9.6c). The long 
tail is bound to the other myosin molecules in the thiek filament. The free 
head, with two globular protein subunits, projeets outward toward the nearest 
thin filament. When the myosin heads interaet with thin filaments during a 
eontraetion they are known as eross-bridges. 


Figure 9.5 Levels of Functional Organization in a Skeletal Muscle Fiber 
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Figure 9.6 Thin and Thiek Filaments. Myofilaments are bundles of thin and thiek filament proteins. 
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CLINICAL NOTE 


Delayed-Onset Muscle Soreness 


You have probably experienced muscle 
soreness the day after a rigorous physieal 
workout. This eommon phenomenon is known 

as delayed-onset muscle soreness (DOMS). 

This type of soreness is different from the acute 


During DOMS, levels of ereatine phos- 
phokinase (CPK) and myoglobin are elevated 
in the blood # indieating damage to muscle 
sareolemmae. DOMS hampers athletie 
performanee by causing a reduction in joint 


soreness that develops during aetivity. The pain of range of motion, muscle tenderness to touch 


DOMS begins within hours of the aetivity, peaks 
at 24-72 hours # and eventually disappears within 
five to seven days. DOMS occurs most frequently 
in the first part of an athletie season and ean 
affeet both elite and noviee athletes. Any aetivity 


and pressure # muscle swelling # and reversible 
loss of muscle power. 

Mieroseopie ruptures at the Z line of the 
sareomeres within muscle fibers is thought to 
contribute to DOMS. In addition # miero trauma 


plaeing unaccustomed loads on muscles # particularly to the sareoplasmie reticulum causes calcium 


aetivities involving eeeentrie (lengthening) 


normally stored in the sareoplasmie reticulum 


contractions # such as walking or running downhill # to accumulate in the damaged muscle eell sar- 

eoplasm. This additional calcium may aetivate 


ean cause DOMS. 


enzymes that break down sareomeres. 
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Thiek filaments have a eore of titin “igures 9.4a and 9.6c’ . On both 
sides of the M line, a strand of titin extends the length of the filament and 
attaehes at the Z line. In the resting sareomere, the titin strands are eom- 
pletely relaxed; they beeome tense only when some external foree stretehes 
the sareomere. When the sareomere stretehes, the titin strands maintain 
the normal alignment of the thiek and thin filaments. When the tension 
is removed, the titin fibers help return the sareomere to its normal resting 
length. 



CONCEPT CHECK 

2 Why does skeletal muscle appear striated when 
viewed with a mieroseope? 

3 What two proteins help regulate the interaetion 
between aetin and myosin? 


See the blue Ansvvers tab at the baek of the book. 



Miisde Contraction 


► KEY POINT The explanation for how skeletal muscle eontraets is ealled 
the sliding filament theory because the aetin and myosin filaments within the 
sareomeres slide along eaeh other during eontraetion. When the sareomeres 
of a myofibril shorten, the muscle fiber shortens. When enough muscle fibers 
shorten, the muscle shortens, exerting a pulling foree on the muscle's attaeh- 
ments. If this foree is strong enough, movement occurs. 


A eontraeting muscle fiber exerts a pull, or tension, and shortens in length. 
Muscle fiber eontraetion results from interaetions between the thiek and 
thin filaments in eaeh sareomere. The meehanism for muscle eontraetion is 
explained by the sliding filament theory. The trigger for a eontraetion is the 
presenee of ealeimn ions (Ca 2+ ), and the eontraetion itself requires ATP. 


The Sliding Filament Theory 

► KEY POINT The sliding filament theory explains the proeess of skeletal mus- 
ele eontraetion. Contraction of skeletal muscle is seen at both the gross anatomy 
and mieroseopie level. At the gross anatomy level, skeletal muscle eontraetion is 
obvious when you move a body part. At the mieroseopie level, it is seen by a 
ehange in the size of the sareomere, the organization of the A band, I band, and 
H zone, and the distanee between the Z lines. 

Observation of eontraeting muscle fibers reveals several physieal ehanges: (1) 
the H band and I band get smaller, (2) the zone of overlap gets larger, and (3) 
the Z lines move eloser together. However, the width of the A band remains 
eonstant throughout the eontraetion. The sliding filament theory explains 
the physieal ehanges occurring between thiek and thin filaments during eon- 
traetion and is illustrated in Spotlight Figure 9.7. 

Neural Control of Musde Fiber Contraction 

► KEY POINT The eentral nervous system eontrols skeletal muscle eontraetion 
by sending a message to the muscle by a motor neuron. The eleetrieal message 
that the motor neuron earries to the skeletal muscle eell sets off a series of steps, 
resulting in skeletal muscle eell eontraetion. 

The sequence of events in the proeess of skeletal muscle eontraetion is as follows: 

o Chemicals released by the motor neuron at the neuromuscular junction 
alter the membrane potential of the sareolemma. This ehange sweeps 
aeross the surface of the sareolemma and into the T tubules. 


o The ehange in the membrane potential of the T tubules triggers the SR to 
release calcium ions. This release initiates the eontraetion. 

Eaeh skeletal muscle fiber is eontrolled by a motor neuron whose nucleus 
is loeated in the eentral nervous system in either the brain or the spinal eord. 
The axon reaehes the neuromuscular junction of the muscle fiber gures 
9.2, p. 238, and 9.8). The expanded tip of the axon at the neuromuscular 
junction is ealled the axon terminal. The eytoplasm of the axon terminal 
eontains mitoehondria and small seeretory vesieles, ealled synaptie ves- 
ieles. These vesieles eontain molecules of the neurotransmitter aeetyleho- 
line ( as-e-til-KO-len) (ACh). A neurotransmitter is a ehemieal released by 
a neuron that communicates with another eell. That communication causes 
a ehange in the membrane potential of that eell. A narrow spaee ealled the 
synaptie eleft separates the axon terminal from the motor end plate of the 
skeletal muscle fiber. The synaptie eleft eontains the enzyme aeetyleholines- 
terase (AChE), which breaks down molecules of ACh. 

An aetion potential is a sudden ehange in the membrane potential that trav- 
els the length of an axon. The stimulus for ACh release is the arrival of an aetion 
potential. When an aetion potential arrives at the axon terminal, ACh is released 
into the synaptie eleft. The ACh diffuses aeross the synaptie eleft and binds to 
reeeptor sites on the motor end plate, generating an aetion potential in the sar- 
eolemma and into eaeh T tubule. Aetion potentials continue to be generated, one 
after another, until ACh is removed from the synaptie eleft. This removal occurs 
in two ways: ACh diffuses away from the synapse or is broken down by AChE. 

Musde Contraction: A Summary 

Figure 9.9 summarizes the entire sequence of events in muscle eontraetion 
from neural aetivation to relaxation. Key steps are as follows: 

o At the neuromuscular junction ACh released by the axon terminal binds to 
reeeptors on the sareolemma. 

o The resulting ehange in the membrane potential of the muscle fiber leads 
to the production of an aetion potential that spreads aeross its entire sur- 
faee and along the T tubules. 



CLINICAL NOTE 


Rigor Mortis 


When death occurs, circulation eeases and the skeletal 
muscles are deprived of oxygen and nutrients. Within a few 
hours, the skeletal muscle fibers run out of ATP, and the sareo- 
plasmie reticulum beeomes unable to remove calcium ions from 
the sareoplasm. Calcium ions diffusing into the sareoplasm from 
the extracellular fluid or leaking out of the sareoplasmie retie- 
ulum then trigger a sustained eontraetion. Without ATP, the 
eross-bridges eannot detaeh from the myosin aetive sites, and the 
muscles loek in the eontraeted position. All skeletal muscles are 
involved, beginning in the faee and head and progressing cau- 
dally. Depending on ambient temperature, this physieal state, 
ealled rigor mortis (rigor, stiffness, + mortis, death), begins within 
a few hours after death and peaks at 12 hours. The rigidity lasts 
until the lysosomal enzymes released by autolysis break down the 
myofilaments, typieally 48-60 hours after death. 
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f .. • .^ FIGLIRE 9.7 

SPOTLIGHT siiding Filament Theory 


The tension produced by a eontraeting skeletal 
muscle fiber results from the interaetion betvveen the 
thiek and thin filaments vvithin sareomeres. The 
meehanism of skeletal muscle eontraetion is 
explained by the sliding filament theory. 


Resting Sareomere 

A resting sareomere showing the loeations of the 
band, A band, H band, M line, and Z lines. 


band 


VAT3 


Z line 


A band 


M line 


H band 


Zone of 
overlap 


Resting myofibril 




Z line 



Contracted Sareomere 

After repeated eyeles of “bind, pivot, detaeh, and reaetivate,” the 
entire muscle eompletes its eontraetion. 


1 Contraction Cycle Begins 


The eontraetion eyele involves a series of 
interrelated steps. The eyele begins with 
eleetrieal events in the sareolemma that 
trigger the release of calcium ions from the 
terminal eisternae of the sareoplasmie 
reticulum (SR). These calcium ions enter 
the zone of overlap. 


Aetive-Site Exposure 


Calcium ions bind to troponin in the 
troponin-tropomyosin complex. The 
troponin molecule then ehanges position, 
rolling the tropomyosin molecule away 
from the aetive sites on aetin. 





Cross-Bridge Formation 


Onee the aetive sites are exposed, the 
myosin heads of adjaeent thiek filaments 
bind to them, forming eross-bridges. 


4 Myosin Head Pivoting 


After eross-bridge formation, energy is 
released as the myosin heads pivot toward 
the M line. This aetion is ealled the power 
st ro ke. 



In a eontraeting sareomere the A band stays the same width, but 
the Z lines move eloser together and the H band and the I bands 
get smaller. 


5 Cross-Bridge Detaehment 


ATP binds to the myosin heads, breaking 
the eross-bridges between the myosin 
heads and the aetin molecules. The aetive 
site is now exposed and able to form 
another eross-bridge. 




Myosin Reaetivation 



ATP provides the energy to reaetivate the 
myosin heads and return them to their 
original positions. The entire proeess is 
repeated as long as calcium ion 
eoneentrations remain elevated and ATP 
reserves are sufficient. 
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Effeet of Sareomere Length on Tension Production 


When many people are piilling on a rope, the 
amount of tension produced is proportional to 
the number of people involved. In a muscle 
fiber, the amount of tension generated during 
a eontraetion depends on the number of 
eross-bridge interaetions occurring in the 
sareomeres of the myofibrils. The number of 
eross-bridges is determined by the degree of 
overlap betvveen thiek and thin filaments. Only 
myosin heads vvithin the zone of overlap ean 
bind to aetive sites on the aetin molecule to 
produce tension. The tension produced by the 
muscle fiber is related direetly to the structure 
of an individual sareomere. If sareomeres are 
too short or too long, the tension of a 
eontraetion is reduced. 
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Maximum tension is produced 
vvhen the zone of overlap is large, 
but the thin filaments do not extend 
aeross the sareomere's eenter. 
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At short resting lengths, thin 
filaments extending aeross the 
eenter of the sareomere 
interfere with the normal 
orientation of thiek and thin 
filaments, deereasing tension. 


An inerease in sareomere length reduces 
the tension produced by reducing the 
size of the zone of overlap and the 
number of potential eross-bridge 
interaetions. 


100 


80 


Tension production falls 
to zero when the thiek 
filaments are pressed 
against the Z lines and 
the sareomere eannot 
shorten further. 
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Deereased length 


inereased sareomere length 


Optimal resting sareomere length: 

The normal range of sareomere lengths in the 
body is 75 to 130 pereent of the optimal length. 


When the zone of overlap is reduced to 
zero, thin and thiek filaments eannot 
interaet at all. Under these eonditions, 
the muscle fiber eannot produce any 
aetive tension, and a eontraetion eannot 
occur. Such extreme stretehing of a 
muscle fiber is normally prevented by 
the titin filaments in the muscle fiber 
(which tie the thiek filaments to the Z 
lines) and by the surrounding eonneetive 
tissues (which limit the degree of 
muscle streteh). 






















































Figure 9.8 The Neuromuscular Junction 
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A diagrammatie view of a 
neuromuscular junction. 
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Detailed view of an axon 
terminal. See also Figure 9.2. 


Figure 9.9 The Events in Muscle Contraction. A summary of the sequence of events in a rrmsele 
eontraetion. 


Steps That Initiate a Muscle Contraction 


Steps That End a Muscle Contraction 
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o The sareoplasmie reticulum (SR) releases stored calcium ions, inereasing 
the calcium eoneentration in the sareoplasm and around the sareomeres. 

o Calcium ions bind to troponin, producing a ehange in the orientation of 
the troponin-tropomyosin complex that exposes aetive sites on the thin 
(aetin) filaments. Myosin eross-bridges form when myosin heads bind to 
aetive sites. 

o Repeated eyeles of eross-bridge binding, pivoting, and detaehment occur, 
powered by the hydrolysis of ATR These events produce filament sliding, 
and the muscle fiber shortens. 

This proeess continues for a brief period, until: 

o Aetion potential generation stops as ACh diffuses out of the synapse or is 
broken down by AChE. 

o The sareoplasmie reticulum (SR) reabsorbs calcium ions, and the eoneen- 
tration of calcium ions in the sareoplasm deereases. 

o When calcium ion eoneentrations near normal resting levels, the 
troponin-tropomyosin complex returns to its normal position. This ehange 
eovers the aetive sites and prevents further eross-bridge interaetion. 

o Without eross-bridge interaetions, further sliding does not take plaee, and 
the eontraetion ends. 

íj) Muscle relaxation occurs, and the muscle fiber returns passively to resting 
length. 



CONCEPT CHECK 

4 What happens to the vvidths of the A bands and I 
bands during a miisele eontraetion? 

5 Hovv do terminal eisternae and T tubules interaet to 
cause a skeletal muscle eontraetion? 


5ee the blue Ansvvers tab at the baek of the book. 


9.4 Motor Units and Muscle Control 

► KEY POINT All motor units are similar in their anatomieal eharaeteristies; 
they are differentiated by the number of rrmsele fibers eontrolled by a sin- 
gle motor unit. Smaller motor units eontrol the eontraetion of a small num- 
ber of rrmsele fibers and, therefore, ereate smaller and more preeise muscular 
eontraetions. 

A motor unit is a single motor neuron and all of the muscle fibers it eontrols. 
Some motor neurons eontrol a single muscle fiber, but most eontrol hundreds. 
The smaller the size of a motor unit, the finer the eontrol of movement will 
be. In the eye, where preeise muscular eontrol is eritieal, a motor neuron may 
eontrol only two or three muscle fibers. We have less preeise eontrol over pow- 
er-generating muscles, such as our leg muscles, where a single motor neuron 
may eontrol up to 2000 muscle fibers. 

A skeletal muscle eontraets when its motor units are stimulated. Two fae- 
tors determine the amount of tension produced: (1) the frequency of stim- 
ulation and (2) the number of motor units involved. A single, momentary 
eontraetion is ealled a muscle twitch— the response to a single stimulus. As 
the rate of stimulation inereases, tension production rises to a peak and pla- 
teaus at a maximum level. Most muscle eontraetions occur in a sequence of 
stimulus, eontraetion, relaxation. 

Eaeh muscle fiber eontraets eompletely or does not eontraet at all. This is 
ealled the all or none prineiple. All the fibers in a motor unit eontraet at the 
same time, and the amount of foree exerted by the rmisele depends on how 


many motor units eontraet. By varying the number of motor units eontraeting 
at any one time, the nervous system preeisely eontrols the amount of foree that 
a muscle generates. 

The deeision to move stimulates speeifie groups of motor neurons. The 
stimulated neurons do not respond simultaneously, and over time, the num- 
ber of aetivated motor units gradually inereases. igure 9.10 shows how the 
muscle fibers of different motor units are arranged. Because of this arrange- 
ment, the direetion of pull exerted on the tendon doesn’t ehange, but the total 
amount of foree generated ehanges as more motor units are stimulated. The 
smooth but steady inerease in muscular tension produced by inereasing the 
number of aetive motor units is ealled recruitment. 

Peak tension occurs when all the motor units in the muscle are eontraet- 
ing at the maximum rate of stimulation. However, these powerful eontraetions 
eannot last long because the individual muscle fibers soon use up their energy 
reserves. To delay the onset of fatigue during periods of sustained eontraetion, 
motor units are aetivated on a rotating basis. Therefore, some motor units are 
resting and reeovering while others are aetively eontraeting. 

Musde Tone 

► KEY POINT At rest, skeletal muscle exhibits a low level of eontraetion inde- 
pendent of the voluntary eontrol of the eentral nervous system. 

Even when a muscle is resting, some motor units are always aetive. Their eon- 
traetions do not produce enough tension to cause movement, but they do 
tense the muscle. This resting tension in a skeletal muscle is ealled muscle 
tone. Motor units are randomly stimulated, so there is a eonstant tension in 
the attaehed tendon as some motor units eontraet and others relax. Resting 
muscle tone stabilizes the position of bones and joints. For example, in mus- 
eles involved with balanee and posture, enough motor units are stimulated to 
produce the tension needed to maintain body position. Speeialized muscle eells 
ealled muscle spindles are monitored by sensory nerves that eontrol the mus- 
ele tone in the surrounding muscle tissue. This sensory organ is sensitive to 
passive stretehing of the muscles in which it is enelosed. 

Musde Hypertrophy 

► KEY POINT Miisele eells inerease the amount of intracellular eontraetile pro- 
teins in response to exercise. This inerease in eell size is ealled hypertrophy. 


Figure 9.10 The Arrangement of Motor Llnits in a Skeletal Muscle 
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Exercise inereases the aetivity of muscle spindles and may enhanee muscle 
tone. As a result of repeated, exhaustive stimulation, muscle fibers develop a 
greater number of myofibrils and mitoehondria, a higher eoneentration of gly- 
eolytie enzymes, and larger glyeogen reserves. The net effeet is an enlargement, 
or hypertrophy (hl-PER-trò-fè), of the stimulated muscle. Hypertrophy occurs 
in muscles that have been repeatedly stimulated to produce near-maximal ten- 
sion; the intracellular ehanges that occur inerease the amount of tension pro- 
duced when these muscles eontraet. The muscles of a ehampion weight lifter or 
bodybuilder are an excellent example of muscular hypertrophy. 



CONCEPT CHECK 

6 Why do some motor units eontrol only a few muscle 
fibers, whereas others eontrol many fibers? 

7 You are watching a movie with your roommate. In 
one seene, a person is shot with a dart dipped in 

a ehemieal that bloeks the aetion of aeetyleholine. 
Your roommate does not understand why the person 
then falls down. How do you explain this to your 
roommate? 


Muscle Atrophy 


See the blue Ansvvers tab at the baek of the book. 


► KEY POINT The reverse of hypertrophy is atrophy, a degenerative proeess 
that occurs when skeletal rrmsele eells are not stimulated for a prolonged period 

I of time. 

When a skeletal muscle is not regularly stimulated by a motor neuron, it loses 
muscle tone and mass. The muscle beeomes flaeeid and the muscle fibers beeome 
smaller and weaker due to a loss of intracellular eontraetile proteins. This reduc- 
tion in muscle size, tone, and power is ealled atrophy. People who are paralyzed 
by spinal injuries or other damage to the nervous system gradually lose muscle 
tone and size in the affeeted areas. Even a temporary reduction in muscle use 
leads to muscular atrophy; this loss of tone and size is elearly visible when you 
eompare limb muscles before and after being in a east. Muscle atrophy is initially 
reversible, but dying muscle fibers are not replaeed, and in extreme atrophy the 
functional losses are permanent. That is why physieal therapy is emeial in eases 
in which people are temporarily unable to move normally. Direet eleetrieal stim- 
ulation by an external deviee ean substitute for nerve stimulation and prevent or 
deerease muscle atrophy. 


9.5 Types of Skeletal Musde Fibers 

► KEY POINT There are three types of muscle fibers in the human body: slow 
(red), fast (white), and intermediate fibers. Slow fibers are slow to eontraet and 
slow to fatigue. Fast fibers eontraet and fatigue quickly. Intermediate fibers have 
eharaeteristies between those of slow and fast fibers. (Red and white fibers are 
analogous to the dark and white meat, respeetively, in ehieken and turkey.) 

Skeletal muscles are organized for a variety of aetions. The types of fibers mak- 
ing up a muscle will, in part, determine its aetion. There are three major types 
of skeletal muscle fibers in the body: fast, slow, and intermediate igure 9.1 . 

The fiber types differ in how they obtain ATP to fuel their eontraetions. 

Fast fibers, or vvhite fibers, have (1) a large diameter, (2) densely paeked 
myofibrils, (3) large glyeogen reserves, and (4) relatively few mitoehondria. 
Most of the skeletal muscle fibers in the body are ealled fast fibers because 
they eontraet quickly following stimulation. The tension produced by a mus- 
ele fiber is direetly proportional to the number of myofibrils, so fast-fiber 


Figure 9.1 Types of Skeletal Muscle Fibers. Fast fibers produce rapid eontraetions, and slow fibers 
produce slower, but extended eontraetions. 
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muscles produce powerful eontraetions. However, these eontraetions use large 
amounts of ATP, and their mitoehondria are unable to meet the demand. As a 
result, their eontraetions are supported primarily by anaerobie metabolism 
(glyeolysis). Glyeolysis does not require oxygen and eonverts stored glyeo- 
gen to laetie aeid. Fast fibers fatigue rapidly because their glyeogen reserves are 
limited and because laetie aeid builds up and the resulting aeidie pH interferes 
with the eontraetion meehanism. 

Slow fibers, or red fibers, have a smaller diameter than fast fibers and take 
three times as long to eontraet after stimulation. Slow fibers are speeialized to eon- 
tinue eontraeting for extended periods of time, long after a fast muscle fatigues. 
They fatigue slowly because their mitoehondria continue producing ATP through- 
out the eontraetion proeess. Mitoehondria absorb oxygen and generate ATP by a 
pathway ealled aerobie metabolism. The oxygen required eomes from two sources: 

o Skeletal muscles eontaining slow muscle fibers have a larger network of 
eapillaries than muscles dominated by fast muscle fibers. This means that 
there is greater blood flow to the muscle, and the red blood eells ean deliver 
more oxygen to the aetive muscle fibers. 

o Slow fibers are red because they eontain the red pigment myoglobin 
(Ml-ò-glò-bin). This globular protein, like hemoglobin (the oxygen-binding pig- 
ment found in red blood eells), binds oxygen molecules. As a result, slow muscle 
fibers eontain large oxygen reserves that are mobilized during a eontraetion. 

Slow muscles also eontain a larger number of mitoehondria than fast mus- 
eles. VVhereas fast muscle fibers must rely on their glyeogen reserves during 
peak levels of aetivity, the mitoehondria in slow muscle fibers ean break down 
earbohydrates, lipids, or even proteins. Therefore, slow muscles ean continue to 
eontraet for extended periods; for example, the leg muscles of marathon run- 
ners are dominated by slow muscle fibers. 

Intermediate fibers have properties between those of fast and slow fibers. 
For example, intermediate fibers eontraet faster than slow fibers but slower 
than fast fibers. 

The properties of the various types of skeletal muscles are detailed in Table 9.1. 

Distribution of Fast, Slow, and Intermediate 
Fibers 

► KEYPOINT Muscle motor units are eomposed of the same type of muscle fibers, 
meaning that a motor unit is eomposed of all slow, all fast, or all intermediate fib- 
ers. The ratio of slow, fast, and intermediate fibers is genetieally determined. Inter- 
mediate fibers ean eonvert to slow or fast fibers in response to exercise and training. 


The pereentage of fast, slow, and intermediate muscle fibers varies from one 
skeletal muscle to another. Most muscles eontain a mixture of fiber types, 
although all the fibers within one motor unit are of the same type. How- 
ever, there are no slow fibers in muscles of the eye and hand, where swift 
but brief eontraetions are required. Many baek and ealf muscles are domi- 
nated by slow fibers; these rmiseles eontraet almost continually to maintain 
an upright posture. 

The pereentage of fast versus slow fibers in eaeh muscle is genetieally 
determined, and there are signifieant individual differenees. These variations 
have an effeet on endurance. A person with more slow muscle fibers in a par- 
ticular muscle will be better able to perform repeated eontraetions under aero- 
bie eonditions. For example, marathon mnners with high proportions of slow 
muscle fibers in their leg muscles outperform those with more fast muscle 
fibers. For brief periods of intense aetivity, such as a sprint or a weight-lifting 
event, the person with the higher pereentage of fast muscle fibers will have the 
advantage. 

The eharaeteristies of the muscle fibers ehange with physieal eonditioning. 
Repeated intense workouts promote the enlargement of fast muscle fibers and mus- 
cular hypertrophy. Training for endurance events, such as cross-country or mara- 
thon mnning, inereases the proportion of intermediate fibers in the aetive muscles. 
This occurs through the gradual eonversion of fast fibers to intermediate fibers. 



CONCEPT CHECK 

8 Why does a sprinter experience miisele fatigue after 
a few minutes, whereas a marathon runner ean run 
for hours? 


See the blue Ansvvers tab at the baek of the book. 


9.6 Organization of Skeletal Miisde 

Fibers 

► KEY POINT Skeletal muscles of the human body are arranged into one of 
four patterns: parallel, eonvergent, pennate, and circular. These patterns are 
determined by the shape or arrangement of the fibers relative to the direetion 
of pull. 

Most skeletal muscle fibers eontraet at eomparable rates and shorten to the same 
degree. However, variations in mieroseopie and maeroseopie organization affeet 
the power, range, and speed of movement produced when a muscle eontraets. 


Table 9.1 


Properties of Skeletal Muscle Fiber Types 


Property 

Slow 

Intermediate 

Fast 

Cross-sectional diameter 

Small 

Intermediate 

Large 

Tension 

Low 

Intermediate 

High 

Contraction speed 

Slow 

Fast 

Fast 

Fatigue resistanee 

High 

Intermediate 

Low 

Color 

Red 

Pink 

White 

Myoglobin eontent 

High 

Low 

Low 

Capillary supply 

Dense 

Intermediate 

Searee 

Mitoehondria 

Many 

Intermediate 

Few 

Glyeolytie enzyme eoneentration 
in sareoplasm 

Low 

High 

High 

Substrates used to generate ATP 
during eontraetion 

Lipids, earbohydrates, amino aeids 
(aerobie) 

Primarily earbohydrates (anaerobie) 

Carbohydrates (anaerobie) 

Alternative names 

Type 1, S (slow), red, SO (slow 
oxidizing), slow-twitch oxidative 

Type ll-A, FR (fast resistant), fast-twitch 
oxidative 

Type ll-B, FF (fast fatigue), white, 
fast-twitch glyeolytie 


ehapter 9 The Muscular System: Skeletal Muscle Tissue and Muscle Organization 


249 























Muscles are elassified aeeording to the shape or arrangement of their fibers 
relative to the direetion of pull. The muscle fibers of eaeh faseiele lie parallel to one 
another, but the organization of the faseieles within a muscle and their relationship 
to the mnsele’s tendon, varies from one muscle to another. Based on the pattern 
of faseiele arrangement, we ean elassify skeletal muscles as (1) parallel muscles, 
(2) eonvergent muscles, (3) pennate muscles, or (4) circular muscles. ure 9.12 
illustrates the faseiele organization of skeletal muscle fibers. 

Parallel Musdes 

► KEY POINT ln a parallel muscle, the faseieles are parallel to the longitudinal 
axis of the muscle. Most of the skeletal muscles in the body are parallel muscles. 


In a parallel muscle, the individual fibers may run the entire length of 
the muscle, as in the bieeps braehii of the arm gure 9.12a', or they 
may be interrupted by transverse pieees of eonneetive tissue, as in the ree- 
tus abdominis of the anterior surface of the abdomen gure 9.12b]. 
Other parallel muscles have a twisted or spiral arrangement. The supina- 
tor of the forearm is an example of this arrangement; the muscle wraps 
around the proximal portion of the radius, allowing supination of the hand 
(Figure 9.12c). 

The anatomieal eharaeteristies of a parallel muscle resemble those of an 
individual muscle fiber. For example, the bieeps braehii has a tendon that 
extends from the free tip to a movable bone of the skeleton and a eentral body 
(or belly) gure 9.12a . When this muscle eontraets, it shortens and the 



Figure 9.1 Skeletal Muscle Fiber Organization. There are four different arrangements of muscle 
fiber patterns: parallel (a, b, e), eonvergent (d), pennate (e, f, g), and circular (h). 
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body inereases in diameter. The bulge of the eontraeting bieeps is seen on the 
anterior surface of the arm when the elbow flexes. 

Because the muscle fibers are parallel to the long axis of the muscle, when 
they eontraet together, the entire muscle shortens by the same amount. The 
tension the muscle develops during this eontraetion depends on the total num- 
ber of myofibrils it eontains. 

Convergent Musdes 

► KEY POINT The fibers in eonvergent miiseles are spread out, like a fan or a 
broad triangle, with a tendon at the tip. 

In a eonvergent miisele, the muscle fibers eover a broad area, but all the fibers 
eome together at a eommon attaehment site gure 9.12d' . They may pull 
on a tendon, a tendinous sheet, or a slender band of eollagen fibers known as 
a raphe (RÀ-fé; “seam"). The prominent peetoralis muscles of the ehest have 
this shape. A eonvergent muscle is versatile: The direetion of pull in a eonver- 
gent muscle ean be ehanged by stimulating only one group of muscle eells at 
any one time. However, when they all eontraet at onee, they do not pull as hard 
on the tendon as a parallel muscle of the same size because the muscle fibers 
on opposite sides of the tendon pull in different direetions rather than all pull- 
ing in the same direetion. 

Pennate Musdes 

► KEY POINT The fibers in a pennate muscle are arranged like a feather. The mus- 
ele fibers sit at an angle and attaeh to a tendon that runs the length of the muscle. 

In a pennate muscle (penna, feather), the faseieles pull at an angle. Because of 
the arrangement of the faseieles, a eontraeting pennate muscle does not move its 
tendon as far as a parallel muscle would. However, a pennate muscle eontains 
more muscle fibers than a parallel muscle of the same size. Therefore, a eontraet- 
ing pennate muscle produces more tension than a parallel muscle of the same 
size. 

Not all pennate muscles have the same structure. When all the muscle 
eells are arranged on the same side of the tendon, the muscle is unipennate 
I : igure 9.12e]. A long muscle that extends the fingers, the extensor dig- 
itomrn, is an example of a unipennate muscle. In a bipennate muscle, 
the muscle fibers are on both sides of the tendon (Figure 9.12f). The rectus 
femoris, a prominent thigh muscle that helps extend the knee, is a bipennate 
muscle. In a multipennate muscle, the tendon branehes within the muscle 
gure 9.12g' . The triangular deltoid that eovers the superior surface of the 
shoulder joint is an example of a multipennate muscle. 

Circular Musdes 

► KEY POINT Circular muscles guard entranees and exits of long internal pas- 
sageways, such as the digestive and urinary traets. 

In a circular muscle, or sphineter (SFINK-ter), the fibers are eoneentrieally 
arranged around an opening Figure 9.12h . When the muscle eontraets, the 
diameter of the opening deereases. An example is the orbicularis oris of the 
mouth. 



CONCEPT CHECK 

9 Which muscle arrangement more elosely resembles 
the anatomieal eharaeteristies of a single muscle fiber: 
multipennate or parallel? 


See the blue Ansvvers tab at the baek of the book. 


9.7 Miisde erminology 

► KEY POINT Terms deseribing skeletal muscle may tell you the attaehments of 
the rrmsele or the muscle's loeation, aetion, or shape. It is important to imderstand 
the terminology used to deseribe a muscle rather than simply memorizing it. 

Terms used to name muscles relative to direetions, speeifie body regions, struc- 
tural eharaeteristies, and aetions are presented in Table 9.2. 

Origins and Insertions 

► KEY POINT Knowing which end of a muscle is the origin and which is the 
insertion is less important than remembering where the two ends attaeh and 
understanding what the muscle does when it eontraets. 

Eaeh muscle begins at an origin, ends at an insertion, and eontraets to produce a spe- 
eifie aetion. The origin of a muscle usually remains stationary, and the insertion 
moves, or the origin is proximal to the insertion. For example, the trieeps bra- 
ehii inserts on the oleeranon and originates eloser to the shoulder. These deter- 
minations are based on normal movement in the anatomieal position. Part of the 
fun of studying the muscular system is that you ean actua\\y do the movements and 
think about the muscles involved. (Laboratory discussions ofthe muscular system often 
resemble a poorly organized aerobies elass.) When the origins and insertions eannot 
be determined easily on the basis of movement or position, we use other eriteria: 

■ If a muscle extends between a broad aponeurosis and a narrow tendon, the 
aponeurosis is the origin, and the tendon is attaehed to the insertion. 

■ If there are several tendons at one end and just one at the other, there are 
multiple origins and a single insertion. 

Aetions 

► KEY POINT When a skeletal muscle eontraets to produce a movement, it 
plays one of four roles: agonist, antagonist, synergist, or fixator. These roles ean 
and do ehange as the movement ehanges. 

Almost all skeletal muscles either originate or insert on the skeleton. When a 
muscle moves a part of the skeleton, that movement involves any of the move- 
ments that occur at a joint. Before reading further, review the deseription of 
dynamie motion and the structural elassifieation of synovial joints in Spotlíght 
Figure 8.2 and the discussion of planes of motion illustrated in gure 8.3 to 
8.5. t)pp. 207-211 

We ean deseribe aetions in two ways: 

o Refer to the bone region affeeted. Thus, the bieeps braehii performs “flex- 
ion of the forearm.” 

o Speeify the joint involved. Thus, the bieeps braehii performs u flexion of 
(or at) the elbow.” 

Both methods work, and eaeh has its advantages, but vve use the seeond method 
vvhen deseribing muscle aetions. 

Muscles are grouped into four eategories aeeording to their primary aetions: 

o An agonist, or prime mover, is a muscle whose eontraetion is mostly respon- 
sible for producing a particular movement, such as flexion at the elbow. 

o An antagonist is a muscle whose aetion opposes that of the agonist. For 
example, if the agonist produces flexion, the antagonist produces exten- 
sion. When an agonist eontraets to produce a particular movement, the 
antagonist stretehes, but usually doesn't relax eompletely. Instead, its ten- 
sion is adjusted to eontrol the speed and smoothness of the movement. For 
example, the bieeps braehii aets as an agonist when it eontraets, flexing 
the elbow. The trieeps braehii, on the opposite side of the humerus, is the 
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antagonist and aets to stabilize the flexion movement and to produce the 
opposing aetion, extension of the elbow. 

Q When a synergist ( syn -, together, + ergon, work) eontraets, it assists 
the agonist in performing that aetion. Synergists provide additional pull 
near the insertion or stabilize the origin. Their importanee in assisting a 
particular movement ehanges as the movement progresses. Synergists are 
often most useful at the start, when the agonist is stretehed and relatively 
weak. For example, the latissimus dorsi and the teres major extend the 
arm. With the arm pointed at the eeiling, the muscle fibers of the massive 
latissimus dorsi are at maximum streteh and are parallel to the humerus. 
In this position, the latissimus dorsi eannot develop much tension. But 
because the teres major originates on the scapula, it ean eontraet more 
effieiently and assist the latissimus dorsi in starting an extension move- 
ment. The importanee of the teres major deereases as the extension pro- 
eeeds. In this example, the latissimus dorsi is the agonist and the teres 
major is the synergist. 

Q When agonists and antagonists eontraet simultaneously, they are aeting as 
fixators, stabilizing a joint and ereating an immovable base. For example, 
flexors and extensors of the wrist eontraet simultaneously to stabilize the wrist 
when muscles of the hand eontraet to firmly grasp an objeet in the fingers. 


Names of Skeletal Musdes 

► KEY POINT The name of a skeletal muscle provides important clues about 
that speeifie muscle. Learn the names of muscles and what they mean rather than 
simply memorizing them. 

Skeletal muscles are named aeeording to several eriteria introduced in Table 9.2. 
Some names refer to the orientation of the muscle fibers. For example, rectus 
means << straight, ,> and rectus muscles are parallel muscles whose fibers run 
along the longitudinal axis of the body. Because there are several rectus muscles, 
the name includes a seeond term that refers to a preeise region of the body. 
The reetns abdominis is on the abdomen, and the reetns femoris is on the thigh. 
Other direetional indieators include transversus and oblique for muscles whose 
fibers run aeross or at an oblique angle to the longitudinal axis of the body, 
respeetively. 

Other muscles were named after speeifie and unusual structural features. A 
bieeps muscle has two tendons of origin ( bi -, two, + caput, head), the trieeps has 
three, and the quadriceps four. Shape is often an important clue in the mnsele's 
name; trapezius (tra-PÉ-zè-us), deltoid, rhomboideus (rom-BOYD-é-us), and orbi- 
cularis (or-bik-u-LA-ris) refer to prominent muscles that look like a trapezoid, 
triangle, rhomboid, and eirele, respeetively. Long muscles are ealled \ongus (long) 


Table 9.2 


Muscle Terminology 


Terms indieating Direetion Relative Terms indieating Speeifie 


to Axes of the Body 


Anterior (front) 

Externus (superfieial) 

Extrinsic (outside) 

Inferioris (inferior) 
lnternus (deep, internal) 
intrinsie (inside) 

Lateralis (lateral) 

Medialis/medius (medial, middle) 
Oblique (angular) 

Posterior (baek) 

Profundus (deep) 

Rectus (straight, parallel) 

Superfieialis (superfieial) 
Superioris (superior) 

Transversus (transverse) 


Regions of the Body 


Abdominis (abdomen) 
Anconeus (elbow) 
Auricularis (auricle of ear) 
Braehialis (brachium) 
Capitis (head) 

Carpi (wrist) 

Cervicis (neek) 
Cleido-/-clavius (elaviele) 
Coccygeus (coccyx) 

Costalis (ribs) 

Cutaneous (skin) 

Femoris (femur) 

Genio- (ehin) 
Glosso-/-glossal (tongue) 
Hallucis (great toe) 
llio- (ilium) 
lnguinal (groin) 

Lumborum (lumbar region) 
Nasalis (nose) 

Nuchal (baek of neek) 
Oculo- (eye) 

Oris (mouth) 

Palpebrae (eyelid) 

Pollieis (thumb) 

Popliteus (behind knee) 
Psoas (loin) 

Radialis (radius) 

Scapularis (scapula) 
Temporalis (temples) 
Thoraeis (thoraeie region) 
Tibialis (tibia) 

UInaris (ulna) 

Llro- (urinary) 


Terms indieating Structural 
eharaeteristies of the Muscle 


ORIGIN 

Bieeps (two heads) 
Trieeps (three heads) 
Quadriceps (four heads) 


SHAPE 

Deltoid (triangle) 
Orbicularis (eirele) 
Peetinate (eomblike) 
Piriformis (pear-shaped) 
Platys- (flat) 

Pyramidal (pyramid) 
Rhomboideus (rhomboid) 
Serratus (serrated) 
Splenius (bandage) 

Teres (long and round) 
Trapezius (trapezoid) 


OTHER FEATIIRES 

Alba (white) 

Brevis (short) 

Graeilis (slender) 

Lata (wide) 

Latissimus (widest) 
Longissimus (longest) 
Longus (long) 

Magnus (large) 

Major (larger) 

Maximus (largest) 
Minimus (smallest) 
Minor (smaller) 
Tendinosus (tendinous) 
Vastus (great) 


Terms indieating Aetions 


GENERAL 

Abductor 

Adductor 

Depressor 

Extensor 

Flexor 

Levator 

Pronator 

Rotator 

Supinator 

Tensor 


SPECIFIC 

Buccinator (tmmpeter) 
Risorius (laugher) 
Sartorius (like a tailor) 


For other regional terms, refer to gure 1.8, p. 15, which identifies anatomieal landmarks. 
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or longissinms (longest), and teres muscles are both round and long. Short mus- 
eles are ealled brevis; large ones magmis (big), major (bigger), or maximus (big- 
gest); and small ones are ealled minor (smaller) or minimus (smallest). 

Muscles visible at the body surface are external and often ealled externus or 
superficialis (superficial), whereas those lying beneath are internal, termed inter- 
nus orprofundus. Superficial muscles that position or stabilize an organ are ealled 
extrinsic muscles; those that operate within the organ are ealled intrinsie muscles. 

Many muscle names identify their origins and insertions. In these eases, 
the first part of the name indieates the origin and the seeond part the inser- 
tion. For example, the genioglossus originates at the ehin ( geneion ) and inserts in 
the tongue ( glossa ). 

Aetion names, such as flexor, extensor, and adductor, indieate the primary 
function of the muscle. These are such eommon aetions that the names also 
include other clues about the appearanee or loeation of the muscle. For exam- 
ple, the extensor earpi radialis longus is a long muscle found along the radial 
(lateral) border of the forearm. When it eontraets, its primary function is 
extension at the wrist. 

A few muscles are named after the speeifie movements assoeiated with 
speeial occupations or habits. For example, the sartorius (sar-TÒR-é-us) is 
aetive when erossing the legs. Before sewing maehines were invented, a tailor 
would sit on the floor eross-legged; the name of the muscle was derived from 
sartor, the Latin word for a tailor. ,> On the faee, the buccinator (BUK-si-nà-tor) 
eompresses the eheeks, as when you purse your lips and blow forcefully. Bucci- 
nator translates as a trumpet player.” Finally, another faeial muscle, the risorius 
(ri-SOR-é-us), was supposedly named after the mood expressed. However, the 
Latin term risor means “langhter/' while a more appropriate deseription for the 
effeet would be “grimaee.” 



CONCEPT CHECK 

10 What type of miisele is a synergist? 

11 What does the name flexor digitorum iongus tell you 
about this muscle? 

See the blue Ansvvers tab at the baek of the book. 

9.8 Levers and Piilleys: A System 

Designed for Movement 

► KEY POINT ln many instanees, the tendon of insertion for a muscle passes 
around a bony projeetion, ehanging the direetion of the tendon and the foree 
generated by the muscle. When this happens, the anatomieal projeetion is ealled 
an anatomieal pulley. Anatomieal pulleys make it easier to move parts of the body. 

The foree, speed, or direetion of movement that a muscle eontraetion produces 
ean be modified by attaehing the muscle to a lever. A lever is a rigid struc- 
ture—such as a board, a crowbar, or a bone—that moves on a fixed point ealled 
the fulcrum. In the body, eaeh bone is a lever and eaeh joint a fulcrum. In 
addition to levels and fulcrums, meehanieal pulleys ean ehange the direetion 
of a foree to aeeomplish a task more easily and effieiently. In the body, tendons 
aet like lines that eonvey the forees produced by muscle eontraetion. The pres- 
enee of bones or bony proeesses ean ehange the path that a tendon takes. Bony 



structures that ehange the direetion of applied forees are ealled anatomieal 
pulleys. Spotlight Figure 9.13 explains and illustrates how the human body 
utilizes levers and anatomieal pulleys. 



CONCEPT CHECK 

12 Arrange the three types of levers found in the 
human body in order of deereasing frequency. 

13 Would removing your patella affeet the amount of 
foree that your quadriceps muscles could produce? 


See the blue Ansvvers tab at the baek of the book. 


9.9 Aging and the Miisoilar System 

► KEY POINT Starting at approximately age 60, skeletal muscle strength begins 

to deeline for a number of reasons. 

As the body ages, all muscle tissues undergo a general reduction in size and 
power. The effeets of aging on the muscular system are summarized here. 

■ Skeletal muscle fibers beeome smaller in diameter. This reduction in size 
refleets primarily a deerease in the number of myofibrils. In addition, the 
muscle fibers eontain less ATP, glyeogen reserves, and myoglobin. The over- 
all effeet is a reduction in muscle strength and endurance and a tendeney 
to fatigue quickly. Because cardiovascular performanee also deereases with 
age, blood flow to aetive muscles does not inerease with exercise as rapidly 
as it does in younger people. 

■ Skeletal muscles beeome smaller in diameter and less elastie. Aging skel- 
etal muscles develop inereasing amounts of fibrous eonneetive tissue 
within the endomysium and perimysium, a proeess ealled fibrosis. Fibro- 
sis makes the muscle less flexible, and eollagen fibers begin to restriet 
movement and circulation. 

■ Toleranee for exercise deereases. A lower toleranee for exercise results in 
part from the tendeney for rapid fatigue and in part from less ability to 
eliminate the heat generated during muscular eontraetion. 

■ Ability to reeover from muscular injuries deereases. As we age, the number 
of myosatellite eells steadily deereases and the amount of fibrous tissue 
inereases. As a result, when tissue is injured, repair eapabilities are limited, 
so instead of tissue repair, sear tissue usually forms. 



CONCEPT CHECK 

14 Why does a physieian reeommend that her 60-year- 
old patient continue to do stretehing exercises 
throughout the remainder of his life? 


5ee the blue Ansvvers tab at the baek of the book. 
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FIGLIRE 9.13 


Levers and Pulleys 



Skeletal muscles do not work in isolation. For muscles attaehed to the skeleton, the muscle's 
insertion on a bone determines the foree, speed, and range of movement produced. In this 
arrangement, the bone is a lever, a rigid structure that moves on a fixed point ealled the 
fulcrum (F). The seesaw shown at the right demonstrates an example of lever aetion. 

The fulcrum is the fixed eenter, the board aets as the lever, and eaeh ehild is either the 
applied foree (AF)—the effort produced by the muscle eontraetion—or the load (L), 
which is the weight that opposes the effort. In the body, eaeh bone is a lever and 
eaeh joint is a fulcrum. The three elasses of levers in the body are illustrated below. 



■k. 




First-Class Lever 

In a first-elass lever, the applied foree and the 
load are on opposite sides of the fulcrum. This 
lever ehanges the amount of foree transmitted 
to the load and alters the direetion and speed 
of movement. There are very few first-elass 
levers in the human body. 



Second-Class Lever 

In a seeond-elass lever, the load is between 
the applied foree and the fulcrum. 

This arrangement 
inereases foree at the 
expense of distanee 
and speed; the direetion 
of movement remains 
unchanged. There are 
very few seeond-elass 
levers in the body. 



Third-Class Lever 

In a third-elass lever, which is the most 
eommon lever in the body, the applied foree is 
between the load and the fulcrum. This 
arrangement inereases speed and distanee 
moved but requires a larger applied foree. 
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In the body, tendons aet like lines that eonvey the forees produced by muscle eontraetion. The path 
taken by a tendon may be ehanged by the presenee of bones or bony proeesses. These bony 
structures, which ehange the direetion of applied forees, are ealled anatomieal pulleys. 


Meehanieal pulleys are often 
used to ehange the direetion of a 
foree in order to aeeomplish a task 
more easily and effieiently. On a 
sailboat, a sailor pulls down on a 
rope to raise the sail. The sail goes 
up because a pulley at the top of 
the mast ehanges the direetion of 
the foree applied to the rope. 
Similarly, a flag goes up a flagpole 
when you pull the line down 
because the line passes through a 
pulley at the top of the pole. 






Direetion of flag movement 




Fibularis 

longus 


The Lateral Malleolus 
as an Anatomieal Pulley 

The lateral malleolus of the fibula is an 
example of an anatomieal pulley. The tendon 
of insertion for the fibularis longus muscle 
does not follow a direet path. Instead, it 
curves around the posterior margin of the 
lateral malleolus of the fibula. This redireetion 
of the eontraetile foree is essential to the 
normal function of the fibularis longus in 
producing plantar flexion at the ankle. 
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The Patella as an 
Anatomieal Pulley 

The patella is another example 
of an anatomieal pulley. The 
quadriceps femoris is a group 
of anterior thigh muscles with 
four heads. They attaeh to the 
patella by the quadriceps 

tendon. The patella is, in turn, attaehed to the tibial tuberosity 
by the patellar ligament. The quadriceps femoris muscles 
produce extension at the knee by this two-link system. The 
quadriceps tendon pulls on the patella in one direetion 
throughout the movement, but the direetion of foree applied 
to the tibia by the patellar ligament ehanges eonstantly as the 
movement proeeeds. 
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Study Outline 


lntroduction p. 236 

■ There are three types of muscle tissue: skeletal muscle, eardiae 
muscle, and smooth muscle. The muscular system includes all 
the skeletal muscle tissue that ean be eontrolled voluntarily. 


9.1 Functions of Skeletal Musde p. 236 


■ Skeletal muscles attaeh to bones direetly or indireetly and perform 
these functions: (1) produce skeletal movement, (2) maintain posture 
and body position f (3) support soft tissues f (4) regulate entry and exit 
of materials f and (5) maintain body temperature. 


9 


9.2 Anatomy of Skeletal Musdes p. 236 

Gross Anatomy p. 236 

■ Eaeh muscle fiber is vvrapped by three eoneentrie layers of eonneetive 
tissue: an epimysium f a perimysium f and an endomysium. At the 

ends of the muscle are tendons or aponeuroses that attaeh the 
muscle to other structures. fSee Figure 9.1.) 


■ Communication between a neuron and a rrmsele fiber occurs aeross 

the neuromuscular junction. fSee Figure 9.2.) 

Mieroanatomy of Skeletal Mtisele Fibers p. 238 

■ A skeletal muscle eell has a plasma (eell) membrane, or 
sareolemma; cytoplasm f or sareoplasm; and an internal 
membrane system f or sareoplasmie reticulum (SR) f similar to the 
endoplasmie reticulum of other eells. (See Figure 9.3.) 


Neural Control of Musde Fiber Contraction p. 243 

■ Neural eontrol of rrmsele function involves a link between 
release of ehemieals by the neurons and eleetrieal aetivity in the 
sareolemma that initiates a eontraetion. 

■ Eaeh muscle fiber is eontrolled by a neuron at a neuromuscular 
junction the synapse includes the axon terminal, synaptie 
vesieles, and the synaptie eleft. Aeetyleholine (ACh) release 
stirrmlates the motor end plate and generates aetion potentials 
that spread aeross the sareolemma. Aeetyleholinesterase (AChE) 
breaks down ACh and limits the duration of stimulation. fSee 
Figures 9.2 and 9.8.) 

Musde Contraction: A Summary p. 243 

■ The steps involved in eontraetion are as follows: ACh release from 
synaptie vesieles —> binding of ACh to the motor end plate —> 
generation of an aetion potential in the sareolemma —> conduction 
of the aetion potential along T tubules —> release of calcium ions by 
the SR —> exposure of aetive sites on thin filaments —> eross-bridge 
formation and eontraetion. fSee Figure 9.9.) 


9.4 Motor Units and Musde Control p. 247 

■ The number and size of a muscle # s motor units indieate how 
preeisely eontrolled its movements are. (5ee Figure 9.10.) 

m A single momentary muscle eontraetion is ealled a muscle twitch 
and is the response to a single stimulus. 


■ A skeletal muscle eell is large and multinucleate. Deep indentations of 
the sareolemma into the sareoplasm of the skeletal muscle eell are ealled 
transverse (T) tubules. The T tubules earry the eleetrieal impulse 
(aetion potential) that stirrmlates eontraetion into the sareoplasm. 

Myofibrils and Myofilaments p. 238 

■ The sareoplasm eontains numerous myofibrils. Protein filaments 
inside a myofibril are organized into repeating functional units 
ealled sareomeres. 

■ Myofibrils are made up of myofilaments; there are thin 
filaments and thiek filaments. f5ee Figures 9.3-9.6.) 

9.3 Musde Contraction p.243 

The Sliding Filament Theory p. 243 

The sliding filament theory of rrmsele eontraetion explains how 
a rrmsele fiber exerts tension (a pull) and shortens. (See Spotlight 
Figure 9.7.) 

m The eontraetion proeess involves aetive sites on thin filaments and 
eross-bridges of the thiek filaments. Sliding involves a eyele of 
"attach f pivot f detach f and return" forthe myosin bridges. At rest f 
the neeessary interaetions are prevented by the assoeiated proteins f 
tropomyosin and troponin, on the thin filaments. (5ee Figure 9.6 
and Spotlight Figure 9.7.) 

m Contraction is an aetive process f but elongation of a rrmsele fiber 
is a passive proeess that ean occur either through elastie forees or 
through the movement of other f opposing muscles. 

■ The amount of tension produced during a eontraetion is 
proportional to the degree of overlap between thiek and thin 
filaments. (5ee Spotlight Figure 9.7.) 


■ Eaeh rrmsele fiber either eontraets eompletely or does not eontraet 
at all. This eharaeteristie is the all or none prineiple. 

Musde Tone p. 247 

■ Even when a muscle is at rest f motor units are randomly stinrmlated 
so that a eonstant tension is maintained in the attaehed tendon. 
This resting tension in a skeletal muscle is ealled muscle tone. 
Resting muscle tone stabilizes bones and joints. 

Musde Hypertrophy p. 247 

■ Excessive repeated stimulation to produce near-maximal tension 
in skeletal muscle ean lead to hypertrophy (enlargement) of the 
stirrmlated muscles. 

Musde Atrophy p. 248 

■ lnadequate stimulation to maintain resting muscle tone causes 
muscles to beeome flaeeid and undergo atrophy. 

9.5 Types of Skeletal Musde Fibers p. 248 

■ The three types of skeletal muscle fibers are fast fibers , slow fibers, 
and intermediate fibers. (See Figure 9.11.) 

Fast fibers are large in diameter; they eontain densely paeked 
myofibrils, large glyeogen reserves f and relatively few mitoehondria. 
They produce rapid and powerful eontraetions of relatively brief 
duration. 

Slow fibers are only about half the diameter of fast fibers and 
take three times as long to eontraet after stimulation. Slow fibers 
are speeialized to continue eontraeting for extended periods. 

■ Intermediate fibers are very similar to fast fibers f although they 
have a greater resistanee to fatigue. 
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Distribution of Fast, Slow, and Intermediate Fibers p. 249 

The pereentage of fast # slow # and intermediate fibers varies from 
one skeletal muscle to another. Muscles eontain a mixture of fiber 
types # but the fibers within one motor unit are of the same type. The 
pereentage of fast versus slow fibers in eaeh muscle is genetieally 
determined and ean ehange depending on the type and amount of 
physieal exercise. 

9.6 Organization of Skeletal Musde Fibers p. 249 

■ A muscle is elassified aeeording to the arrangement of fibers and 
faseieles as a parallel musde, eonvergent musde, pennate musde, 
or circular musde (sphineter). 

Parallel Musdes p. 250 

■ ln a parallel muscle # the faseieles are parallel to the long axis of 
the rrmsele. Most of the skeletal muscles in the body are parallel 
muscles. fSee Figure 9.12a-c.) 

Convergent Mnsdes p. 251 

ln a eonvergent muscle, the muscle fibers are based over a broad 
area # but all the fibers eome together at a eommon attaehment 
site. fSee Figure 9.12d.) 

Pennate Musdes p. 251 

■ ln a pennate muscle, one or more tendons run through the body 
of the muscle # and the faseieles form an oblique angle to the tendon. 
Contraction of pennate muscles generates more tension than that 
of parallel muscles of the same size. A pennate muscle may be 

unipennate # bipennate, or multipennate. fSee Figure 9.12e-g.) 

Circular Musdes p. 251 

ln a circular muscle (sphineter), the fibers are eoneentrieally 
arranged around an opening. (See Figure 9.12h.) 


9.7 Muscle Terminology p. 251 

Origins and Insertions p. 251 

■ Eaeh muscle may be identified by its origin, insertion, and 
primary aetion. Typically # the origin remains stationary and the 
insertion moves # or the origin is proximal to the insertion. Muscle 
eontraetion produces a speeifie aetion. 

Aetions p. 251 

■ A rrmsele may be elassified as an agonist (prime mover), an 
antagonist, a synergist, or a fixator. 

Names of Skeletal Musdes p. 252 

■ The names of muscles often provide clues to their location # 
orientation # or function. ("See Table 9.2.) 

9.8 Levers and Pulleys: A Systems Design for 

Movement p .253 

■ A lever is a rigid structure that moves on a fixed point ealled a 
fulcrum. Levers ean ehange the direction # speed # or distanee of muscle 
movements and ean modify the foree applied to the movement. 

■ Levers may be elassified as f irst-elass, seeond-elass, or third-elass 
levers; third-elass levers are the most eommon type of lever in the 
body. (See Spotlight Figure 9.13.) 

m Bony structures that ehange the direetion of a rrmsele's eontraetile 
foree are ealled anatomieal pulleys. (See Spotlight Figure 9.13.) 

9.9 Aging and the Muscular System p. 253 

■ Aging reduces the size # elasticity # and power of all muscle tissues. 
Exercise toleranee and the ability to reeover from muscular injuries 
deerease as the body ages. 
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ehapter Review 


Level 1 Reviewing Faets and Terms 

1. Aetive sites on aetin beeome available for 
binding when 

(a) calcium binds to troponin. 

(b) troponin binds to tropomyosin. 

(e) calcium binds to tropomyosin. 

(d) aetin binds to troponin. 

2. The function of a neuromuscular junction is to 

(a) generate new muscle fibers. 

(b) faeilitate ehemieal communication 
between a neuron and a rrmsele fiber. 

(e) unite motor branehes of nerves from 
different rrmsele fibers. 

(d) provide feedbaek about muscle aetivity 
to sensory nerves. 

3. The direet energy supply for skeletal muscle 
production is 

(a) derived from fat # earbohydrate, and 
eholesterol. 

(b) independent of the supply of oxygen. 

(e) ATP. 

(d) infinite, as long as muscle aetivity is 
required. 

4. Another name for a rrmsele that is a prime 
mover is 

(a) agonist. (b) antagonist. 

(e) synergist. (d) fixator. 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


5. Eaeh of the following ehanges in skeletal 
muscles is a consequence of aging except 

(a) rrmsele fibers beeome smaller in diameter. 

(b) muscles beeome less elastie. 

(e) muscle fibers inerease glyeogen reserves.. 

(d) the number of myosatellite eells deereases. 

6. interaetions between aetin and myosin 
filaments of the sareomere are responsible for 

(a) muscle fatigue. 

(b) conducting neural information to the 
rrmsele fiber. 

(e) muscle eontraetion. 

(d) the striated appearanee of skeletal muscle. 

7. The theory that explains muscle eontraetion 
is formally known as the 

(a) muscle eontraetion theory. 

(b) striated voluntary muscle theory. 

(e) rotating myosin head theory. 

(d) sliding filament theory. 

8. The bundle of eollagen fibers at the end of 

a skeletal rrmsele that attaehes the muscle to 
bone is ealled a(n) 

(a) faseiele. (b) tendon. 

(e) ligament. (d) epimysium. 

9. Label the illustrations to the right as first- 
class # second-class # or third-elass lever. 





ehapter 9 The Muscular System: Skeletal Muscle Tissue and Muscle Organization 


257 








Level 2 Revievving Concepts 

1. To lessen the rate at vvhieh muscles fatigue 
during a eontraetion, motor units are 
aetivated 

(a) to less than their peak tension eaeh time 
they eontraet. 

(b) in a stepvvise fashion. 

(e) on a rotating basis. 

(d) goiekly, to eomplete the eontraetion 
before they fatigue. 

2. The ability to reeover from injuries in older 
people deereases because 

(a) the number of myosatellite eells 
deereases vvith age. 

(b) myosatellite eells beeome smaller in size. 

(e) the amount of fibrous tissue in the 
muscle inereases. 

(d) both a and e. 

3. In vvhieh of the follovving is the ratio of 
motor neurons to muscle fibers the greatest? 

(a) large muscles of the arms 

(b) postural muscles of the baek 

(e) muscles that eontrol the eye 
(d) leg rrmseles 


4. If a person is cold # a good vvay to vvarm up 
is to exercise. What is the meehanism of this 
vvarming? 

(a) Moving faster prevents the person from 
feeling the eold air because it moves past 
him or her more quickly. 

(b) Exercise moves blood faster, and the 
frietion keeps tissues vvarm. 

(e) Muscle eontraetion uses ATP # and using 
this energy generates heat # vvhieh vvarms 
the body. 

(d) The movement of the aetin and myosin 
filaments during the eontraetion 
generates heat, vvhieh vvarms the body. 

5. Summarize the basie sequence of events 
that occurs at a neuromuscular junction. 

6. A motor unit from a skeletal muscle eontains 
1500 muscle fibers. Would this muscle be 
involved in fine, delieate movements or 
powerful # gross movements? Explain. 

7. What is the role of the zone of overlap in 
producing tension in a skeletal muscle? 

Level 3 Critical Thinking 

1. Several anatomy students take up weight 
lifting and bodybuilding. After several 


months # they notiee physieal ehanges such as 
inereased muscle mass # lean body weight # and 
greater muscular strength. What anatomieal 
meehanism is responsible for these ehanges? 

2. Within the past 10-20 years # several countries 
have initiated the praetiee of performing leg 
muscle biopsies on traek athletes to determine 
whether the athletes are better suited 
for sprints or long-distanee events. What 
anatomieal faet is the basis of this praetiee? 


MasteringA&P " 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy 
topies 





CLlNICAL CASE | WRAP-UP 

L___I_ A 


A Case of Asymmetr eal DeveSopment 


Abdul is a vietim of paralytie poliomyelitis # or polio. Polio is a highly 
infectious viral disease that is spread through human-to-human 
eontaet. The virus enters through the mouth # particularly in areas 
with poor sanitation # and rrmltiplies in the intestines. From there # it 
invades the spinal cord # causing the neuronal death of motor neurons 
eontrolling skeletal rrmseles. With no motor neuron stimulation # the 
skeletal muscles beeome flaccid # smaller, and weaker; in other words # 
they atrophy. This is ealled a flaeeid paralysis. Spinal reflexes also 
disappear. 

There is no cure for polio # but there are safe and effeetive vaeeines. 
Thanks to a national immunization campaign # the last ease of naturally 
occurring polio in the Llnited States was in 1979. However # polio # which 
only infeets humans # is still affeeting ehildren in Afghanistan # Pakistan # 
and some Afriean countries. 


1. How would you deseribe the resting muscle tone in the rrmseles of 
Abdul's left hip girdle, thigh # and leg? 




2. Do you think the majority of Abdul's muscle fibers that have been 
affeeted by polio are fast fibers or slow fibers? 

See the blue Ansvvers tab at the baek of the book 


Related eiinieal Terms 


botiilism: A severe # potentially fatal paralysis 
of skeletal muscles # resulting from the 
consumption of a baeterial toxin. 

rrmseiilar dystrophies: A varied eolleetion of 
inherited diseases that produce progressive 
muscle weakness and deterioration. 


myasthenia gravis: A general muscular 
weakness resulting from a reduction in the 
number of ACh reeeptors on the motor end 
plate. 

myopathy: Disease of muscle tissue. 


RICE (rest, iee, eompression, and elevation): 

Aeronym for the standard treatment for 
muscle injuries # bruises # strains # and sprains. 
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10.3 


10.4 


10.5 



groups of axia 

Identify the six subgroups of the muscles of 
the head and neek and explain how they 
differ in their origins, insertions, aetions, and 
innervations. 

List the three layers of the muscles of the 
vertebral column and explain howthe muscles 
differ in their origins, insertions, aetions, and 
innervations. p. 270 

Identify the muscles of the oblique and 
rectus groups and explain how they differ 
in their origins, insertions, aetions, and 
innervations. p. 273 

Name the muscles of the perineal region 
and pelvie diaphragm and explain how they 
differ in their origins, insertions, aetions, and 
innervations. p. 277 


Waking with a Crooked Smile 

Sarah, a university student 7 went to an outdoor winter earnival last night. 
During the event, she notieed excessive tearing from her left eye and 
drooling from the left side of her mouth # which she attributed to the eold. 
The next morning, while gazing in the mirror, Sara realizes her smile is 
erooked. She is able to move the right side of her faee normally, but the left 
side droops, and she is unable to wrinkle her forehead or elose her left, still- 
watery eye. She ean neither pucker her lips to whistle or blow, nor brush her 
teeth on the left side of her mouth without having to lift her lip with her 
hand. Her skin appears perfeetly smooth, with no crow's feet or laugh lines 
(nasolabial folds) on the left side of her faee. 

Sarah begins to panie. Couíd she have had a stroke overnight? To find 
out r turn to the dinieal Case Wrap-Up on p. 281. 
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THE MUSCULAR SYSTEM, like the skeletal 
system, is divided into axial and appendicular 
divisions. The axial musculature originates on 
the axial skeleton. It positions the head and ver- 
tebral column and helps breathing by moving 
the rib eage. The appendicular musculature 
inserts onto and stabilizes or moves the appen- 
dicular skeleton. 

Figures 10.1 and 10.2 illustrate the 
major axial and appendicular muscles of the 
human body. These are the superficial muscles, 
which are relatively large. Superficial muscles 
eover deeper, smaller muscles that eannot be 
seen unless the overlying muscles are refleeted 
(that is, cut and pulled out of the way). For the 
sake of elarity, figures in this ehapter that show 
deeper muscles will indieate whether superfi- 
eial muscles have been refleeted. To help you 
understand the relationships between skeletal 
muscles and skeletal bones, the figures include 
skeleton ieons that show the origins and inser- 
tions of eertain muscles in eaeh group. Origins 
are shown in red, insertions in blue. 

The tables in this ehapter list the origin, 
insertion, and aetion of eaeh muscle as well 
as the innervation of individual muscles. The 
term innervation refers to the supply of motor 
nerves that eontrol eaeh skeletal muscle or the 
nerve supply to a particular structure. 


10.1 The Four Groups 

of Axial Musdes 

► KEY POINT The four groups of axial mus- 
eles are the (1) muscles of the head and neek 
that are not assoeiated with the vertebral eol- 
umn, (2) muscles that move the vertebral eol- 
umn (also referred to as the intrinsie muscles of 
the baek), (3) muscles of the rib eage and the 
lateral walls of the abdominal and pelvie eavi- 
ties, and (4) muscles that form the floor of the 
pelvie eavity. 


To help you fully understand the origins, inser- 
tions, and aetions of skeletal muscles, review 
(1) the appropriate skeletal figures in ehapters 
6 and 7, (2) the four primary aetions of skele- 
tal muscles, and (3) Spotlight Figure 9.13. 
pp. 254-255 


Figure 10.1 Superficial Skeletal Muscles, Anterior View. A diagrammatie view of the major axial and 
appendicular muscles. 
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Figure 10.2 Superficial Skeletal Muscles, Posterior View. A diagrammatie view of the major axia 
and appendicular muscles. 
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Axial Muscles 
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There are four groups of axial muscles: 

o Muscles of the head and neek. These 
muscles include those that move the 
faee, tongue, larynx, and eyes. They 
are responsible for verbal and nonver- 
bal communication, such as laughing, 
talking, frowning, smiling, and whis- 
tling. This group is also involved in 
chewing, swallowing, and moving the 
eyes. 

o Muscles of the vertebral column. This 
group includes flexors and extensors of 
the axial skeleton. 

o Muscles that form the walls of the 
abdominal and pelvie eavities. This 
group, the oblique and rectus muscles, 
is loeated between the first thoraeie 
vertebra and the pelvis. These muscles 
move the ehest wall during breathing 
(inspiration and expiration), eompress 
the abdominal eavity, and rotate the 
vertebral column. In the thoraeie area, 
the ribs separate these muscles, but 
over the abdominal surface, the mus- 
eles form broad muscular sheets. There 
are also oblique and rectus muscles in 
the neek. Although they do not form a 
muscular wall, they are included in this 
group because they share a eommon 
embryologieal origin. The diaphragm is 
within this group because it is embryo- 
logieally linked to other muscles of the 
ehest wall. 

o Muscles of the perineal region and pel- 
vie diaphragm. These muscles extend 
between the saemrn and pelvie girdle to 
support organs of the pelvie eavity, flex 
joints of the saemrn and coccyx, and 
eontrol movement of materials through 
the urethra and anus. to pp. 185, 190 



10-1 



CONCEPT CHECK 

1 List the four groups of axial rrmseles and give their 
anatomieal loeations and functions. 


See the blue Ansvvers tab at the baek of the book 
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10.2 Miisdes of the Head and Neek 

► KEY POINT The muscles of the sealp and faee are thin, sheetlike miiseles that 
have one or more attaehments to the eonneetive tissue of the head or faee. All 
the other muscles of the head and neek attaeh to bones of the skull and/or neek 
and move the eye, jaw, tongue f pharynx, or larynx. 

The muscles of the head and neek are subdivided into several groups. The muscles 
of faeial expression, eye movement (extra-ocular muscles), mastieation (chew- 
ing), the tongue, and the pharynx originate on the skull or hyoid bone. The ante- 
rior muscles of the neek are eoneerned primarily with ehanging the position of 
the larynx, hyoid bone, and floor of the mouth. (Other muscles involved in sight 
and hearing originate on the skull and are discussed in Ohapter 18.) 


10 


Musdes of Fadal Expression 

► KEY POINT The muscles of faeial expression are divided into five groups 
(mouth, eyes, sealp, nose, and neek), and are all innervated by the faeial 
nerve (VII). 


The muscles of faeial expression originate on the surface of the skull ig- 
ures 10.3 and 10.4). At their insertions, the eollagen fibers of the epimy- 
sium are continuous with the eollagen fibers of the dermis of the skin and 
the superficial faseia. When these fibers eontraet, the skin moves, allowing 
us to eonvey a particular emotion or expression. The seventh eranial nerve, 
the faeial nerve, innervates these muscles. Table 10.1 summarizes the ehar- 
aeteristies of the rmiseles of faeial expression. 

The largest group of faeial muscles moves the mouth gure 10.3 . 
The orbieiilaris oris (OR-is) eompresses (or purses) the lips and thus 
is ealled the “kissing muscle. ,> Other muscles move the lips and the eor- 
ners of the mouth. The buccinator has two functions related to feeding 
(in addition to its importanee in playing instruments like the trumpet). 
During chewing, the buccinator works with the muscles of mastieation 
to move food baek aeross the teeth from the spaee inside the eheeks. In 
infants, the buccinator produces the suction required for suckling at the 
breast. 

Other muscles of faeial expression eontrol movements of the eyebrows 
and eyelids, the sealp, the nose, and the external ear. The sealp, or epicranium 


Figure 10.3 Muscles of the Head and Neck f Part I 


Frontal belly of 
oeeipitofrontalis 


Corrugator 

supercilii 


Temporalis 

(temporoparietalis 

removed) 


Orbicularis oculi 


Nasalis 


Zygomaticus 


minor 


Zygomaticus 

major 


Orbicularis oris 

Risorius 

Platysma 


Mentalis (cut) 


Thyroid eartilage 
of the larynx 


Epieranial 

aponeurosis 


Temporoparietalis 
(cut and refleeted) 


Temporalis 


Procerus 


Levator labii 
superioris 



Corrugator 

supercilii 


Temporalis 


Levator labii 
superioris 


Nasalis 

Sternoeleidomastoid 

Temporalis 


Masseter 


Mentalis 

Depressor anguli oris 

Depressor 
labii inferioris 



Buccinator 


Depressor anguli oris 
Depressor labii inferioris 

Sternal head of 
sternoeleidomastoid 

Clavicular head of 
sternoeleidomastoid 


Trapezius 


eiaviele 


b 


Origins and insertions 
of seleeted muscles 


Platysma 

(cut and refleeted) 



Origin 

Insertion 


Orbicularis 

oculi 


Zygomaticus 


minor 


Zygomaticus 

major 


Buccinator 


Masseter 


Platysma 



Anterior view 


262 The Muscular System 


www.ebook3000.com 




















































































Figure 10.4 Muscles of the Head and Neek, Part II 
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Table 10.1 


Muscles of Faeial Expression 


Region/Muscle 

Origin 

Insertion 

Aetion 

Innervation 

MOIJTH 

Buccinator 

Alveolar proeesses of maxilla and 
mandible opposite the molar teeth 

Blends into fibers of 
orbicularis oris 

Compresses eheeks 

Faeial nerve (VII) 

Depressor labii inferioris 

Mandible betvveen the anterior midline 
and the mental foramen 

Skin of lower lip 

Depresses and helps evert lower lip 

Faeial nerve (VII) 

Levator labii superioris 

Maxilla and zygomatie bone, superior 
to the infra-orbital foramen 

Orbicularis oris 

Elevates and everts upper lip 

Faeial nerve (VII) 

Mentalis 

ineisive fossa of mandible 

Skin of ehin 

Elevates, everts, and protrudes lower lip 

Faeial nerve (VII) 

Orbicularis oris 

Maxilla and mandible 

Lips 

Compresses, purses lips 

Faeial nerve (VII) 

Risorius 

Faseia surrounding parotid salivary gland 

Angle of mouth 

Draws eorner of mouth laterally 

Faeial nerve (VII) 

Levator anguli oris 

Canine fossa of the maxilla inferior to 
the infra-orbital foramen 

Skin at and below angle of 
mouth 

Raises eorner of mouth 

Faeial nerve (VII) 

Depressor anguli oris 

Anterolateral surface of mandibular 
body 

Skin at angle of mouth 

Depresses and draws the eorner of 
mouth laterally 

Faeial nerve (VII) 

Zygomaticus major 

Zygomatie bone near the 
zygomatieotemporal suture 

Fibers of levator anguli oris, 
orbicularis oris, and other 
muscles at angle of mouth 

Elevates eorner of mouth and draws it 
laterally 

Faeial nerve (VII) 

Zygomaticus minor 

Zygomatie bone posteriorto 
zygomaticomaxillary suture 

Llpper lip 

Elevates upper lip 

Faeial nerve (VII) 

EYE 

Corrugator supercilii 

Medial end of superciliary areh 

Eyebrow 

Pulls skin inferiorly and medially; 
wrinkles brow 

Faeial nerve (VII) 

Levator palpebrae 
superioris 

Inferior aspeet of lesser wing of the 
sphenoid superior to and anterior to 
optie eanal 

Llpper eyelid 

Elevates upper eyelid 

Oeiilomotor nerve 

(lll) a 

Orbicularis oculi 

Medial margin of orbit 

Skin around eyelids 

Closes eye 

Faeial nerve (VII) 

NOSE 





Procerus 

Lateral nasal eartilages and the 
aponeuroses eovering the inferior 
portion of the nasal bones 

Aponeurosis at bridge of 
nose and skin of forehead 

Moves nose, ehanges position, shape 
of nostrils; draws medial angle of 
eyebrows inferiorly 

Faeial nerve (VII) 

Nasalis 

Maxilla and alar eartilage of nose 

Bridge of nose 

Compresses bridge of nose; depresses 
tip; elevates eorners of nostrils 

Faeial nerve (VII) 

SCALP (EPICRANIUM) b 

Oeeipitofrontalis 

Frontal belly 

Oeeipital belly 

Epieranial aponeurosis 

Skin of eyebrow and 
bridge of nose 

Raises eyebrows, wrinkles forehead 

Faeial nerve (VII) 

Superior nuchal line and adjaeent region 
of mastoid portion of the temporal bone 

Epieranial aponeurosis 

Tenses and retraets sealp 

Faeial nerve (VII) 

Temporoparietalis 

Faseia around external ear 

Epieranial aponeurosis 

Tenses sealp, moves auricle of ear 

Faeial nerve (VII) 

NECK 

Platysma 

Faseia eovering the superior parts of the 
peetoralis major and deltoid 

Mandible and skin of 
eheek 

Tenses skin of neek, depresses 
mandible 

Faeial nerve (VII) 


a This muscle originates in assoeiation with the extra-ocular rrmseles, so its innervation is unusual, as discussed in ehapter 16. 
b lncludes the epieranial aponeurosis, temporoparietalis, and oeeipitofrontalis. 


(ep-i-KRA-ne-um; epi-, on, + kranion, skull), eontains the temporoparietalis 
and the oeeipitofrontalis gures 10.3 and 0.4 . The temporoparietalis 
tenses the sealp and moves the ear, and the oeeipitofrontalis raises the eye- 
brows and retraets the sealp. The oeeipitofrontalis has two muscle bellies, the 
frontal belly and the oeeipital belly, separated by a collagenous sheet ealled 
the epieranial aponeurosis. The superficial platysma (pla-TIZ-ma; platys, flat) 
eovers the anterior surface of the neek, extending from the base of the neek 
to the periosteum of the mandible and the faseia at the eorners of the mouth 
(Figures 10.1 and J0.4' . The platysma tenses the skin of the neek and depresses 
the mandible. 


Extra-ocular Musdes 

► KEY POINT The extra-ocular muscles move the eyeballs. The oculomotor, troeh- 
lear, and abducens nerves (III, IV, and VI) innervate these muscles. 

Six extra-ocular rmiseles, sometimes ealled the oeiilomotor (ok-u-lò-MÓ-ter) 
or extrinsic eye miiseles, originate on the orbit, insert onto the selera (white of 
the eye) just posterior to the eornea, and ehange the position of eaeh eye. The 

inferior rectus, medial rectus, superior rectus, lateral rectus, inferior 
oblique, and superior oblique move the eyes in the direetion indieated by 
their names ( gure 10.Ì and Table 10.2). 
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Figure 10.5 Extra-ocular Muscles 
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Table 10.2 


Extra-ocular Muscles 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Inferior rectus 

Sphenoid around optie eanal 

Inferior, medial surface of eyeball 

Eye looks dovvn 

Oculomotor nerve (III) 

Medial rectus 

Sphenoid around optie eanal 

Medial surface of eyeball 

Eye looks medially 

Oculomotor nerve (III) 

Superior rectus 

Sphenoid around optie eanal 

Superior surface of eyeball 

Eye looks up 

Oculomotor nerve (III) 

Lateral rectus 

Sphenoid around optie eanal 

Lateral surface of eyeball 

Eye looks laterally 

Abducens nerve (VI) 

Inferior oblique 

Maxilla at anterior portion of orbit 

Inferior, lateral surface of eyeball 

Eye rolls, looks up and laterally 

Oculomotor nerve (III) 

Superior oblique 

Sphenoid around optie eanal 

Superior, lateral surface of eyeball 

Eye rolls, looks dovvn and laterally 

Troehlear nerve (IV) 


The superior and inferior rectus also cause a slight medial movement of the 
eye, whereas the superior and inferior oblique cause a slight lateral movement. To 
roll the eye straight up, you eontraet the superior rectus and the inferior oblique; 
to roll the eye straight down, you eontraet the inferior rectus and the superior 


oblique. The third (oculomotor), fourth (troehlear), and sixth (abducens) era- 
nial nerves innervate the extra-ocular muscles. The intrinsie eye muscles—smooth 
muscles inside the eyeball—eontrol pupil diameter and lens shape. (These muscles 
are discussed in ehapter 18.) 
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CLINICAL NOTE 


Botox 


Botulinum toxin, produced by the bacterium Clostridium 
botulinum , is known by its brand name, Botox. Botox is 
injeeted direetly into the rrmseles of faeial expression to temporar- 
ily paralyze the muscles and eliminate unwanted lines or wrinkles. 
Faeial wrinkles occur at right angles to the aetion lines of the faeial 
muscles. For example, to smooth the horizontal wrinkle lines of 
the forehead, the frontal belly of the oeeipitofrontalis is injeeted. 
injeetion of the corrugator supercilii and procerus smooths the 
vertieal lines between the eyebrows. injeeting the lateral aspeet of 
the orbicularis oculi eases crow's feet of the eyes, and injeeting the 
levator labii superioris and zygomaticus minor and major softens 
the nasolabial fold lines. A side effeet of Botox injeetion is loss of 
faeial expression. 


TIPS & TOOLS 


An easy way to remember the innervations of the extra-ocular muscles 
is [(lr 6 )(so 4 ); ] 3 : Cranial nerve 6 innervates the lateral rectus (LR); 
eranial nerve 4 innervates the superior oblique (SO); and eranial nerve 
3 innervates all the rest. 


Musdes of Mastieation 

► KEY POINT All the muscles of mastieation attaeh to the mandible and are in- 
nervated by the trigeminal nerve (V). The temporalis and masseter are superficial 
rrmseles, and the pterygoids are deep. 

The muscles of mastieation (chewing) move the mandible at the temporoman- 
dibular joint ( igure 10.6 and Table 10.3). p. 212 The large masseter 
(ma-SÉ-ter), the most powerful muscle in this group, elevates the mandible. 
The temporalis (tem-po-RA-lis) assists in elevating the mandible, whereas the 


Figure 10.6 Muscles of Mastieation. The muscles of mastieation move the mandible during chewing. 
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Table 10.3 


Muscles of Mastieation 


Muscle 

Origin 

Insertion 

Aetion 

Innervatíon 

Masseter 

Aponeurosis and bones of the 
zygomatie areh 

Lateral surface and angle of 
mandibular ramus 

Elevates mandible and eloses jaws, 
assists in protraeting and retraeting 
mandible and moving mandible side 
to side 

Trigeminal nerve (V), 
mandibular braneh 

Temporalis 

Along temporal lines of skull 

Coronoid proeess of mandible 
and the anterior border of the 
mandibular ramus 

Elevates mandible and eloses jaws, 
assists in retraeting and moving 
mandible from side to side 

Trigeminal nerve (V), 
mandibular braneh 

Pterygoids 

Medial pterygoid 

Lateral pterygoid 

Medial surface of the lateral 
pterygoid plate and adjaeent 
portions of palatine bone and maxilla 

Medial surface of mandibular 

ramus 

Elevates the mandible and eloses the 
jaws, or moves mandible side to side 

Trigeminal nerve (V), 
mandibular braneh 

Lateral surface of the lateral pterygoid 
plate and greater wing of sphenoid 

Anterior part of the neek of the 
mandibular eondyle 

Opens jaws, protmdes mandible, or 
moves mandible side to side 

Trigeminal nerve (V), 
mandibular braneh 


medial and lateral pterygoids (TER-i-goyd) elevate, protraet, or slide the man- 
dible from side to side. These movements maximize effieient use of the teeth 
while chewing or grinding foods. The fifth eranial nerve (V), the trigeminal 
nerve, innervates all the muscles of mastieation. 

Musdes of the Tongue 

► KEY POINT Miiseles of the tongue are divided into two groups: intrinsie and 
extrinsic tongue muscles. The names of the extrinsic muscles of the tongue all 
end with the suffix -glossus (tongue) and begin with one of the following pre- 
fixes: genio- (ehin), hyo- (hyoid bone), palato- (palate), or stylo- (styloid proeess). 
Therefore, the names of these muscles tell you their origins and insertions. 

intrinsie tongue muscles originate and insert within the tongue; the extrin- 
sie tongue muscles originate from structures outside the tongue and insert into 
the tongue. The genioglossus originates at the ehin, the hyoglossus at the 
hyoid bone, the palatoglossus at the palate, and the styloglossus at the styloid 
proeess [gure 10.7 . These extrinsic tongue muscles move the tongue in the 
delieate and complex patterns neeessary for speeeh. They also move food within 
the mouth as you prepare to swallow. The intrinsie tongue muscles, loeated 
entirely within the tongue, help with these aetivities. The 12th eranial nerve, the 
hypoglossal nerve (XII), innervates all the intrinsie and extrinsic muscles of the 
tongue except for the palatoglossus muscle. This muscle is innervated by the lOth 
eranial nerve, the vagus nerve (X). (Table 10.4). 

Musdes of the Pharynx 

► KEY POINT As with the muscles of the tongue, the names of the rrmseles of 
the pharynx tell you their origins and insertions: palato- means palate; salingo- 
tube (in this instanee, auditory tube); stylo-, styloid proeess; and veli- membra- 
nous structure (in this instanee, the soft palate). 

The paired pharyngeal muscles start the swallowing proeess. The pharyngeal 
eonstrietors (superior, middle, and inferior) begin the proeess of moving 
a chewed mass of food (bolus) into the esophagus. The palatopharyngeus 


Figure 10.7 Muscles of the Tongue. The left mandibular ramus has been 
removed to show the muscles on the left side of the tongue. 
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Table 10.4 


Muscles of the Tongue 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Genioglossus 

Medial surface of mandible around ehin 

Body of tongue, hyoid bone 

Depresses and protraets tongue 

Hypoglossal nerve (XII) 

Hyoglossus 

Body and greater horn of hyoid bone 

Side of tongue 

Depresses and retraets tongue 

Hypoglossal nerve (XII) 

Palatoglossus 

Anterior surface of soft palate 

Side of tongue 

Elevates tongue, depresses soft 
palate 

Braneh of pharyngeal 
plexus (X) 

Styloglossus 

Styloid proeess of temporal bone 

Along the side to tip and base of tongue 

Retraets tongue, elevates sides 

Hypoglossal nerve (XII) 
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(pal-àt-ò-far-IN-jé-us), salpingopharyngeus (sal-pin-gò-far-IN-jè-us), and 
stylopharyngeus (stI-lò-far-IN-jé-us) elevate the larynx. Together, they are 
known as the laryngeal elevators. The two palatal nmseles, the tensor veli 
palatini and the levator veli palatini, raise the soft palate and adja- 
eent portions of the pharyngeal wall and open the entranee to the auditory 


(Eustachian) tube. With the help of these muscles, a person ean adjust to 
air pressure ehanges when flying or SCUBA diving by swallowing repeatedly, 
which opens and “pops” the ears. The glossopharyngeal (IX) and vagus (X) era- 
nial nerves innervate the pharyngeal muscles. These muscles are illustrated in 
gure 10.8; also see Table 10.5. 


Figure 10.8 Muscles of the Pharynx. Pharyngeal muscles start the svvallovving proeess. 
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Table 10.5 


Muscles of the Pharynx 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Pharyngeal Constrictors 

Superior eonstrietor 

Middle eonstrietor 

Inferior eonstrietor 

Pterygoid proeess of sphenoid, 
medial surfaces of mandible, and the 
side of the tongue 

Median raphe 
attaehed to oeeipital 
bone 

Constrict pharynx to propel 
bolus into esophagus 

Branehes of pharyngeal plexus (N X) 

Branehes of pharyngeal plexus (N X) 

Horns of hyoid bone 

Median raphe 

Branehes of pharyngeal plexus (N X) 

Cricoid and thyroid eartilages of larynx 

Median raphe 

Branehes of pharyngeal plexus (N X) 

Laryngeal Elevators* 

Palatopharyngeus 

Salpingopharyngeus 

Stylopharyngeus 

Soft and hard palates 

Thyroid eartilage 

Elevate larynx 

Branehes of pharyngeal plexus (N IX 
and X) 

N X 

Cartilage around the inferior portion 
of the auditory tube 

Thyroid eartilage 

N X 

Styloid proeess of temporal bone 

Thyroid eartilage 

N IX 

Palatal Muscles 

Levator veli palatini 

Tensor veli palatini 

Petrous part of temporal bone, 
tissues around the auditory tube 

Soft palate 

Elevate soft palate 

Branehes of pharyngeal plexus (N X) 

Sphenoidal spine, pterygoid proeess, 
and tissues around the auditory tube 

Soft palate 

Elevate soft palate 

N V 


*Assisted by the thyrohyoid, geniohyoid, stylohyoid, and hyoglossus muscles, discussed in Tables 10.4 and 10.6. 
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Anterior Muscles of the Neek 

► KEY POINT The anterior miiseles of the neek eontrol the position of the lar- 
ynx, depress the mandible, tense the floor of the mouth, and provide a stable 
foundation for muscles of the tongue and pharynx. 

gures 10.3, 10.4, and J0.9 illiistrate the anterior muscles of the neek, and 
Table 10.6 lists the origins, insertions, aetions, and innervations of these 
muscles. 

The anterior neek muscles that position the larynx are ealled extrinsic mus- 
eles, while those that affeet the voeal eords are termed intrinsie muscles. (The 
voeal eords will be discussed in ehapter 24.) Additionally, the muscles of 
the neek are either siiprahyoid or infrahyoid based on their loeation relative to 
the hyoid bone. The digastrie (dl-GAS-trik) has two bellies (di-, two, + gaster, 
stomaeh). One belly originates on the mandible and inserts onto the hyoid 
bone; the other originates on the temporal bone and inserts onto the hyoid 
bone cgure 10.9 . This muscle opens the mouth by depressing the mandible. 
The anterior belly is superficial to the broad, flat mylohyoid (ml-lò-HÍ-oyd), 
which supports the floor of the mouth gure 10.9 . The geniohyoid, supe- 
rior to the mylohyoid muscle, provide additional support to the mouth floor. 


The stylohyoid (stl-lò-HI-oyd) originates on the styloid proeess of the skull 
and inserts onto the hyoid bone gure 10.9'. As its name indieates, the 
sternoeleidomastoid (ster-nò-klI-dò-MAS-toid) originates from the sternum 
(sterno-) and the elaviele (eleido-) and inserts onto the mastoid proeess of 
the skull ( igures 10.3, 10.4, 10.9, and Table 10.6). (Refer to Chapter 12, 
gures 12.1 and 12.2a, to identify this structure from the body srnfaee, and to 
gures 12.9 and 12.10 to vismlize this strnetme in a eross seetion ofthe body at 
the levels of C 2 and T 2 .) The omohyoid (ò-mò-HÌ-oyd) attaehes to the scapula, 
elaviele, first rib, and hyoid bone ure 10.9] . 

The remaining anterior muscles of the neek are straplike muscles eonneet- 
ing the sternum and the thyroid eartilage of the larynx (sternothyroid), the 
sternum and hyoid bone (sternohyoid), and the thyroid eartilage of the larynx 
and hyoid bone (thyrohyoid) gure 10.9 . 

CONCEPT CHECK 

2 Where do miiseles of faeial expression originate? 

3 What is the importanee of the pharyngeal muscles? 

See the blue Ansvvers tab at the baek of the book. 



Figure 10.9 Anterior Muscles of the Neek 
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Table 10.6 


Anterior Muscles of the Neek 


Miisde 

Origin 

Insertion 

Aetion 

Innervation 

Digastrie 

Anterior belly 

Posterior belly 

From inferior surface of 
mandible at ehin 

Hyoid bone 

Depresses mandible, opening 
mouth, and/or elevates larynx 

Trigeminal nerve (V), 
mandibular braneh 

From mastoid region of 
temporal bone 

Hyoid bone 

Depresses mandible, opening 
mouth, and/or elevates larynx 

Faeial nerve (VII) 

Geniohyoid 

Medial surface of mandible at 
ehin 

Hyoid bone 

Depresses mandible, opening 
mouth, and/or elevates larynx, and 
retraets hyoid bone 

Cervical nerve e-i via 
hypoglossal nerve (XII) 

Mylohyoid 

Mylohyoid line of mandible 

Median eonneetive tissue 
band (raphe) that runs to 
hyoid bone 

Elevates floor of mouth, elevates 
hyoid bone, and/or depresses 
mandible 

Trigeminal nerve (V), 
mandibular braneh 

Omohyoid* 

Superior border of the scapula 
near the suprascapular noteh 

Hyoid bone 

Depresses hyoid bone and larynx 

Cervical spinal nerves C 2 -C 3 

Sternohyoid 

Oaviele and manubrium 

Hyoid bone 

Depresses hyoid bone and larynx 

Cervical spinal nerves C U C 3 

Sternothyroid 

Posterior surface of manubrium 
and first eostal eartilage 

Thyroid eartilage of larynx 

Depresses hyoid bone and larynx 

Cervical spinal nerves e^-e^ 

Stylohyoid 

Styloid proeess of temporal bone 

Hyoid bone 

Elevates larynx 

Faeial nerve (VII) 

Thyrohyoid 

Thyroid eartilage of larynx 

Hyoid bone 

Elevates larynx, depresses hyoid 
bone 

Cervical spinal nerves e^-e^ 
via hypoglossal nerve (XII) 

Sternoeleidomastoid 
Clavicular head 

Sternal head 

Attaehes to sternal end of elaviele 

Mastoid region of skull 
and lateral portion of 
superior nuchal line 

Together, they flex the neek; 
alone, one side bends neek 
toward shoulder and turns faee to 
opposite side 

Aeeessory nerve (XI) and 
eervieal spinal nerves (C 2 -C 3 ) 
of eervieal plexus 

Attaehes to manubrium 


*Superior and inferior bellies, united at eentral tendon anehored to elaviele and first rib. 


10.3 Miisdes of the Vertebral Column 

► KEY POINT The muscles of the baek are arranged into three layers (superficial, 
intermediate, and deep). The muscles of the first two layers are the extrinsic baek 
muscles. These muscles are innervated by the anterior rami of the assoeiated 
spinal nerves and extend from the axial skeleton to the upper limb or the rib 
eage. The intermediate layer of the extrinsic baek muscles eonsists of the serratus 
posterior. These muscles assist in moving the ribs during breathing. The deepest 
muscles of the baek are the intrinsie (or true) baek muscles. These muscles are in- 
nervated by the posterior rami of the spinal nerves, and they intereonneet, move, 
and stabilize the vertebrae. 

Muscles of the vertebral column are eovered by more superficial baek muscles 
and include many posterior extensors but few anterior flexors. We divide these 
muscles into extrinsic and intrinsie muscles of the baek. Extrinsic baek mus- 
eles are assoeiated with upper extremity and shoulder movement. intrinsie baek 
muscles are fully eontained (origin, belly, and insertion) within and aet upon 
the baek. The intrinsie ( true ) baek muscles are arranged into superficial, inter- 
mediate, and deep layers ( igure 10.10 and Table 10.7). These muscle layers 
are found lateral to the vertebral column, within the spaee between the spinous 
proeesses and the transverse proeesses of the vertebrae. Although these muscles 
extend from the saemrn to the skull overall, eaeh muscle group is eomposed of 
numerous separate muscles of varying length. 

The Superficial Layer of the intrinsie Baek Musdes 

► KEY POINT The siiperfieial layer of the intrinsie baek muscles is the splenius 
group. These posterior neek muscles extend, rotate, and laterally flex the eervieal 
vertebrae. 

The splenius muscles are the most superficial intrinsie baek muscles. The splenius 
eapitis originate on the ligamentum nuchae and the spines of C 7 and T^ to T 4 
and insert onto the skull. The splenms eervieis originate on the ligamentum 


nuchae and the spines of T 3 to T ó vertebrae and insert onto to C 3 . These two 
muscle groups extend and laterally flex the neek. 

The Intermediate Layer of the intrinsie 
Baek Musdes 

► KEY POINT The intermediate layer of the intrinsie baek muscles is the ereetor 
spinae group. The name tells us that they keep the spine ereet. 

The intermediate layer eonsists of the ereetor spinae. These muscles have a 
wide range of origins on the vertebral column, and the names of the indi- 
vidual muscles indieate where eaeh muscle group inserts. For example, a eapi- 
tis muscle inserts on the skull, whereas eervieis indieates an insertion on the 
upper eervieal vertebrae. The ereetor spinae muscles are subdivided into the 
spinalis, longissimus, and ilioeostalis muscle groups igure 10.10a,b' . 
(Refer to Ghapter 12, Figures 12.9, 12.10, 12.12, 12.13, and 12.14 to visrnl- 
ize these structures in eross seetion ofthe body at the levels of C 2 , T 2 , T u , eand L 5 .) 
The spinalis group is the most medial of the three groups, and the ilioeostalis 
is the most lateral. During bilateral eontraetion (when muscles on both sides 
eontraet), the ereetor spinae extend the vertebral column; unilateral eontrae- 
tion laterally flexes and rotates the vertebral column to the ipsilateral side. 

The Deep Layer of the intrinsie Baek Musdes 

► KEY POINT The deepest layer of the intrinsie baek muscles is eomposed of 
transversospinales muscles, which are the smallest and weakest true baek mus- 
eles. These muscles extend and laterally flex the vertebral column to the same 
side and rotate the vertebral column to the eontralateral side. 

The deepest layer of true baek muscles intereonneets and stabilizes the ver- 
tebrae. This group of muscles, termed the transversospinales muscles, 
eonsists of the semispinalis, multifidus, rotatores, interspinales, and 
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Table 10.7 


Muscles of the Vertebral Column 


Group/Muscle 

Origin 

Insertion 

Aetion 

Innervation 

SUPERFICIAL LAYER 

Splenius (splenius eapitis, 
splenius eervieis) 

Spinous proeesses and ligaments 
eonneeting inferior eervieal and 
superior thoraeie vertebrae 

Mastoid proeess, oeeipital 
bone of skull, superior eervieal 
vertebrae 

The two sides aet together to extend 
neek; either alone rotates and 
laterally flexes neek to that side 

Cervical spinal nerves 

INTERMEDIATE LAYER (ERECTOR SPINAE) 

Spinalis Group 

Spinalis eervieis 

Spinalis thoraeis 

Inferior portion of ligamentum 
nuchae and spinous proeess of C 7 

Spinous proeess of axis and 

C 3 -C 4 

Extends neek 

Cervical spinal nerves 

Spinous proeesses of T n and T 12 
and L-, and L 2 

Spinous proeesses of superior 
thoraeie vertebrae 

Extends vertebral column 

Thoraeie and lumbar 
spinal nerves 

Longissimus Group 
Longissimus eapitis 

Longissimus eervieis 

Longissimus thoraeis 

Transverse proeesses of inferior 
eervieal and superior thoraeie 
vertebrae 

Mastoid proeess of temporal 
bone 

The two sides aet together to extend 
neek; either alone rotates and 
laterally flexes neek to that side 

Cervical and thoraeie 
spinal nerves 

Transverse proeesses of superior 
thoraeie vertebrae 

Transverse proeesses of 
middle and superior eervieal 
vertebrae 

The two sides aet together to extend 
neek; either alone rotates and 
laterally flexes neek to that side 

Cervical and thoraeie 
spinal nerves 

Broad aponeurosis and at 
transverse proeesses of inferior 
thoraeie and superior lumbar 
vertebrae; joins ilioeostalis 

Transverse proeesses of 
superior thoraeie and lumbar 
vertebrae and inferior 
surfaces of lovver 10 ribs 

Extension of vertebral column; alone, 
eaeh produces lateral flexion to that 
side 

Thoraeie and lumbar 
spinal nerves 

llioeostalis Group 

llioeostalis eervieis 

llioeostalis thoraeis 

llioeostalis lumborum 

Superior borders of 
vertebrosternal ribs nearthe 
angles 

Transverse proeesses of C 4 -C 6 

Extends or laterally flexes neek, 
elevates ribs 

Cervical and superior 
thoraeie spinal nerves 

Superior borders of ribs 6-12 
medial to the angles 

Superior ribs and transverse 
proeess of C 7 

Stabilizes thoraeie vertebrae in 
extension 

Thoraeie spinal nerves 

lliae erest, saeral erests, and 
lumbar spinous proeesses 

Inferior surfaces of ribs 6-12 
near their angles 

Extends vertebral column, depresses 
ribs 

Inferior thoraeie 
nerves and lumbar 
spinal nerves 

DEEP MUSCLES OF THE SPINE (TRANSVERSOSPINALES) 

Semispinalis 

Semispinalis eapitis 

Semispinalis eervieis 

Semispinalis thoraeis 

Proeesses of lovver four eervieal 
and superior six or seven 
thoraeie vertebrae 

Oeeipital bone, betvveen 
nuchal lines 

Together, the two sides extend neek; 
alone, eaeh extends and laterally 
flexes neek and turns head to 
opposite side 

Cervical spinal nerves 

Transverse proeesses of Ti-T 5 or T 6 

Spinous proeesses of C 2 -C 5 

Extends vertebral column and rotates 
toward opposite side 

Cervical spinal nerves 

Transverse proeesses of T 6 -T 10 

Spinous proeesses of C 6 -T 4 

Extends vertebral column and rotates 
toward opposite side 

Thoraeie spinal nerves 

Multifidus 

Saernrn and transverse proeess of 
eaeh vertebra 

Spinous proeesses of the 
third or fourth more superior 
vertebra 

Extends vertebral column and rotates 
toward opposite side 

Cervical, thoraeie, and 
lumbar spinal nerves 

Rotatores (eervieis, 
thoraeis, and lumborum) 

Transverse proeesses of the 
vertebrae in eaeh region 
(eervieal, thoraeie, and lumbar) 

Spinous proeess of adjaeent, 
more superior vertebra 

Extends vertebral column and rotates 
toward opposite side 

Cervical, thoraeie, and 
lumbar spinal nerves 

Interspinales 

Spinous proeess of eaeh vertebra 

Spinous proeesses of more 
superior vertebra 

Extends vertebral column 

Cervical, thoraeie, and 
lumbar spinal nerves 

Intertransversarii 

Transverse proeesses of eaeh 
vertebra 

Transverse proeess of more 
superior vertebra 

Lateral flexion of vertebral column 

Cervical, thoraeie, and 
lumbar spinal nerves 

SPINAL FLEXORS 

Longus eapitis 

Transverse proeesses of C 4 -C 6 

Base of the oeeipital bone 

Together, the two sides flex the neek; 
alone, eaeh rotates head to that side 

Cervical spinal nerves 

Longus eolli 

Anterior surfaces of eervieal and 
superior thoraeie vertebrae 

Transverse proeesses of 
superior eervieal vertebrae 

Flexes and/or rotates neek; limits 
hyperextension 

Cervical spinal nerves 

Quadratus lumborum 

lliae erest and iliolumbar 
ligament 

Last rib and transverse 
proeesses of lumbar vertebrae 

Together, they depress ribs; alone, 
eaeh produces lateral flexion of 
vertebral column; fixes floating ribs 
(11 and 12) during foreed exhalation; 
stabilizes diaphragm during inhalation 

Thoraeie and lumbar 
spinal nerves 
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intertransversarii (Figure 10.10a,b ).(Refer to Chapter 12, Figures 12.9 
and 2.10 to visualize these structures in a eross seetion of the body at the lev- 
els of C 2 and T 2 .) These are all short muscles that work in various eombina- 
tions to produce limited extension and lateral flexion of the vertebral column. 
They also rotate the vertebral column to the eontralateral side. The transver- 
sospinales are also important in making delieate adjustments in the posi- 
tions of individual vertebrae. If injured, these muscles start a eyele of pain —» 
muscle stimulation —» eontraetion —» pain, which leads to pressure on adja- 
eent spinal nerves, sensory losses, and limited mobility. Many of the warm-up 


and stretehing exercises reeommended before physieal exercise prepare these 
small but very important muscles for their supporting roles. 

Spinal Flexors 

► KEY POINT There are only a few spinal flexors, in part because many of the 
large trunk muscles flex the vertebral column when they eontraet. Another rea- 
son is that most of the body weight lies anterior to the vertebral column, so grav- 
ity tends to flex the spine. 


Figure 10.10 Muscles of the Vertebral Column. Seleeted origins and insertions are shown. 
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Spinal flexors are found on the anterior surface of the vertebral column. 
In the neek, the longus eapitis and longus eolli rotate and flex the neek, 
depending on whether the muscles of one or both sides are eontraeting 
(Figure 10.10c). (Refer to Chapter 12, ogure 12.9 to visiialize these structures 


in a eross seetion ofthe body at the level ofC 2 .) In the lumbar region, the large 
quadratus lumborum laterally flex the vertebral column and depress the ribs 

(Figure lO.IOa). 


Figure 10.10 (eontirmed) 
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CONCEPT CHECK 

4 Name the divisions of the ereetor spinae muscles 
and the transversospinales muscles. Hovv do 
ereetor spinae muscles move the vertebral 
column? 

5 List tvvo reasons vvhy there are fevver intrinsie 

baek muscles that flex the vertebral column than 
intrinsie baek muscles that extend the vertebral I 

column. I 

See the blue Ansvvers tab at the baek of the book. I 


10.4 Oblique and Rectus Musdes 

► KEY POINT The oblique muscles eompress underlying structures and rotate the 
vertebral column. The rectus muscles are important flexors of the vertebral column 
and are antagonists to the ereetor spinae muscles. 

The oblique and rectus muscles lie between the vertebral column and the ante- 
rior midline ( gures lO.IOe, 10.1 , and 10.12b and Table 10.8). These 
muscles are divided into three groups: eervieal, thoraeie, and abdominal.* 

The oblique muscles include the sealenes (SKÀ-lén) of the neek and 
the intereostal (in-ter-KOS-tul) and transversus nmseles of the thorax. 
The anterior, middle, and posterior sealenes elevate the first two ribs 
and flex the neek Figure 10.10c]. In the thorax, the oblique muscles lie 
between the ribs and are ealled intereostal muscles. The external intereostal 
mnseles eover the internal intereostal muscles igure lO.llb]. 
Both sets of intereostal muscles aid in breathing movements of the ribs. A 
small transversus thoraeis erosses the inner surface of the rib eage and is 
separated from the pleural eavity by the parietal pleura, a serous membrane. 
t> pp. 19-21, 71 

The abdominal oblique muscles show the same muscular pattern as in the 
thorax: three layers of muscles, with eaeh layer arranged in a manner similar 
to that of the thoraeie eavity. These muscles are the external and internal 
obliques (also ealled the abdominal obliques) and the transversus abdominis 
(ab-DOM-i-nis) (Figure lO.llb-d). The muscle arrangement in these three 
layers strengthens the abdominal wall. 

The rectus abdominis originates at the xiphoid proeess and inserts onto 
the pubic bone. A band of fibrous eonneetive tissue ealled the linea alba (vvhite 
line ) divides this muscle longitudinally. The transverse tendinous inseriptions 
are bands of fibrous eonneetive tissue that divide this muscle into four repeated 
segments gure 10.1 . 

The surface anatomy of the oblique and rectus muscles of the thorax 
and abdomen is shown in -igures 10.11a and 2.3. (Refer to Chapter 12, 
gures 12.13 and 2.14, to vismlize these strnetmes in a eross seetion of the 
body at the levels ofT 12 and L 5 .) 



Muscles on the anterior surfaces of the 
eervieal and superior thoraeie vertebrae 


*We group the oblique and rectus muscles of the trunk and the diaphragm together because of 
their eommon embryologieal origins. 
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Figure 10.11 The Oblique and Rectus Muscles 
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Cadaver disseetion of anterior trunk. 
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Table 10.8 Oblique and Rectus Muscles 


Group/Muscle 

Origin 

Insertion 

Aetion 

Innervation 

OBLIQUE GROUP 





Cervical Region 

Sealene anterior 

Scalenus middle 

Scalenus posterior 

Transverse and eostal proeesses 

c 3 -c 6 

Superior surface of first rib 

Elevate ribs and/or flex neek; one 
side bends neek and rotates to the 
opposite side 

Cervical spinal nerves 

Transverse and eostal proeesses 
of atlas (eì) and C 3 -C 7 

Superior surface of first rib 

Elevate ribs and/or flex neek; one 
side bends neek and rotates to the 
same side 

Cervical spinal nerves 

Transverse and eostal proeesses 

c 4 -c 6 

Superior surface of seeond rib 

Elevate ribs and/or flex neek; one 
side bends neek and rotates to the 
same side 

Cervical spinal nerves 

Thoraeie Region 

External intereostals 

Internal intereostals 

Transversus thoraeis 

Inferior border of eaeh rib 

Superior border of more 
inferior rib 

Elevate ribs 

intereostal nerves (branehes 
ofthoraeie spinal nerves) 

Superior border of eaeh rib 

Inferior border of the more 
superior rib 

Depress ribs 

intereostal nerves (branehes 
ofthoraeie spinal nerves) 

Posterior surface of sternum 

Cartilages of ribs 

Depress ribs 

intereostal nerves (branehes 
ofthoraeie spinal nerves) 

Serratus Posterior 

Superior 

Inferior 

Spinous proeesses of C 7 -T 3 and 
ligamentum nuchae 

Superior borders of ribs 2-5 
near angles 

Elevate ribs, enlarges thoraeie eavity 

Thoraeie nerves (T^-T^ 

Aponeurosis from spinous 
proeesses of T n -L 2 or L 3 

Inferior borders of ribs 9-12 

Pull ribs inferiorly; also pulls 
outward, opposing diaphragm 

Thoraeie nerves (T 9 -T 12 ) 

Abdominal Region 
External oblique 

Internal oblique 

Transversus 

abdominis 

External and inferior borders of 
ribs 5-12 

External oblique 
aponeuroses extending to 
linea alba and iliae erest 

Compress abdomen; depress ribs; 
flex, laterally flexes, or rotates 
vertebral column to the opposite side 

intereostal nerves 5-12, 
iliohypogastrie, and 
ilioinguinal nerves 

Thoracolumbar faseia, inguinal 
ligament, and iliae erest 

Inferior surfaces of ribs 

9-12, eostal eartilages 8-10, 
linea alba, and pubis 

As above, but rotates vertebral 
column to same side 

intereostal nerves 5-12, 
iliohypogastrie, and 
ilioinguinal nerves 

Cartilages of ribs 7-12, iliae erest, 
and thoracolumbar faseia 

Linea alba and pubis 

Compress abdomen 

intereostal nerves 5-12, 
iliohypogastrie, and 
ilioinguinal nerves 

RECTUS GROUP 

Cervical region 

lncludes the geniohyoid, 
omohyoid, sternohyoid, 
sternothyroid, and thyrohyoid 

inTable 10.6 




Thoraeie region 
Diaphragm 

Xiphoid proeess, ribs 7-12 and 
assoeiated eostal eartilages, 
and anterior surfaces of lumbar 
vertebrae 

Central tendon sheet 

Contraction expands thoraeie eavity, 
eompresses abdominopelvie eavity 

Phrenie nerves (C 3 -C 5 ) 

Abdominal region 

Rectus abdominis 

Superior surface of pubis around 
symphysis 

Inferior surfaces of 
eartilages (ribs 5-7) and 
xiphoid proeess of sternum 

Depress ribs, flex vertebral column 
and eompress abdomen 

intereostal nerves (T 7 -T 12 ) 


The Diaphragm 

► KEY POINT The diaphragm is a dome-shaped sheet of skeletal muscle 
separating the thoraeie and abdominal eavities. Contracting the diaphragm 
flattens the muscle, inereasing the volume of the thoraeie eavity and causing 
inhalation. 

The diaphragm is a major muscle of breathing cgure 10.1 . Contracting 

the diaphragm inereases the volume of the thoraeie eavity, aiding inhalation. 


Relaxing the diaphragm deereases the volume of the thoraeie eavity, aiding 
exhalation. (The muscles of breathing are examined in ehapter 24). 

10.4 CONCEPT CHECK 

a/ 6 Damage to the external intereostal miiseles interferes 
w with what important proeess? 

5ee the blue Ansvvers tab at the baek of the book. 
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Figure 10.1 The Diaphragm. This muscular sheet separates the thoraeie eavity from the 
abdominopelvie eavity. 
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Superior view of a transverse seetion through the thorax, with organs 
removed to show the loeation and orientation of the diaphragm 
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10.5 Miisdes of the Perineal Region and 

the Pelvie Diaphragm 

► KEY POINT The muscles of the perineal region and pelvie diaphragm extend 
from the sacrum and coccyx to the ischium and pubis. These muscles support the 
organs of the pelvie eavity, flex the joints of the saemrn and coccyx, and eontrol 
the movement of materials through the urethra and anus. 

The inferior margins of the pelvis are the boimdaries of the perineal region 
(the pelvie floor and assoeiated structures). A line drawn between the isehial 
tuberosities divides the perineal region into two triangles: an anterior or 
urogenital triangle, and a posterior or anal triangle. The superficial mus- 
eles of the anterior triangle are the muscles of the external genitalia. They 
are superficial to deeper muscles that strengthen the pelvie floor and eneirele 
the urethra. An even more extensive muscular sheet, the pelvie diaphragm, 


forms the muscular foundation of the anal triangle ( ; igure 10.13a,b and 

Tables 10.9 and 10.10). 

These muscles do not eompletely elose the pelvie outlet because the ure- 
thra, vagina, and anus pass through them to open to the external surface. Mus- 
cular sphineters surround their openings and eontrol voluntary urination and 
defeeation. Muscles, nerves, and blood vessels also pass through the pelvie out- 
let as they travel to or from the lower limbs. Seleeted origins and insertions are 
shown in igure 10.13c. 

10.5 CONCEPT CHECK 

aa 7 What are the functions of the muscles of the 
^ perineal region and pelvie diaphragm? 

See the blue Ansvvers tab at the baek of the book. 


Table 10.9 


Muscles of the Perineal Region 


Group/Muscle Origin Insertion Aetion Innervation 


LIROGENITAL TRIANGLE 

Superficial Muscles 
Bulbospongiosus 

Male 

Female 

lschiocavernosus 

Superficial 
transverse perineal 
muscle 

Perineal body (eentral 
tendon of perineal 
region) and median raphe 

Corpus spongiosum, perineal 
membrane, and corpus cavernosum 

Compress base, stiffen penis, 
ejeet urine or semen 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 

Perineal body (eentral 
tendon of perineal region) 

Bulb of vestibule, perineal membrane, 
body of elitoris, and corpus cavernosum 

Compress and stiffen elitoris, 
narrovv vaginal opening 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 

Ramus and tuberosity of 
ischium 

Corpus cavernosum of penis or elitoris; 
also to ischiopubic ramus (in female only) 

Compress and stiffen penis or 
elitoris, helping to maintain ereetion 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 

isehial ramus 

Central tendon of perineal region 

Stabilize eentral tendon of 
perineal region 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 

Deep Muscles 

Deep transverse 
perineal muscle 

External urethral 
sphineter 

Male 

Female 

isehial ramus 

Perineal body 

Stabilize eentral tendon of 
perineal region 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 

isehial and pubic rami 

To median raphe at base of penis; 
inner fibers eneirele urethra 

Closes urethra, eompresses 
prostate and bulbo-urethral glands 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 

isehial and pubic rami 

To median raphe; inner fibers eneirele 
urethra 

Closes urethra; eompresses vagina 
and greater vestibular glands 

Pudendal nerve, perineal 
braneh (S 2 -S 4 ) 


Table 10.10 


Group/Muscle 


Muscles of the Pelvie Diaphragm 


ANAL TRIANGLE 


Origin 


Insertion 


Aetion 


Innervation 


Coccygeus 


isehial spine 


Lateral, inferior borders 
of the saeriim and coccyx 


Flex eoeeygeal joints, elevate and support pelvie 
floor 


Inferior saeral nerves (S 4 -S 5 ) 


Levator ani 
lliococcygeus 


Pubococcygeus 


isehial spine, pubis 


Coccyx and median raphe 


Tense floor of pelvis, support pelvie organs, flex 
eoeeygeal joints, elevate and retraet anus 


Pudendal nerve (S 2 -S 4 ) 


Inner margins of pubis 


Coccyx and median raphe 


Tense floor of pelvis, support pelvie organs, flex 
eoeeygeal joints, elevate and retraet anus 


Pudendal nerve (S 2 -S 4 ) 


External anal 
sphineter 


Via tendon from coccyx 


Eneireles anal opening 


Closes anal opening 


Pudendal nerve; 
hemorrhoidal braneh (S 2 -S 4 ) 


ehapter 10 The Muscular System: Axial Musculature 


277 









































Figure 10.13 Musdes of the Perineal Region 
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Seleeted origins and insertions. 
See also Figures 7.10 to 7.12. 
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Study Oiitline 


lntroduction p. 260 

■ The miiseiilar system # like the skeletal system # is divided into axial 
and appendicular divisions. The axial musculature arises from and 
inserts on the axial skeleton. It positions the head and spinal column 
and helps move the rib cage # vvhieh makes breathing possible. 

10.1 The Four Groups of Axial Musdes p. 260 

■ The axial muscles are organized into four groups based on their 
location # function # or both: (1) rrmseles of the head and neck # 

(2) rrmseles of the vertebral column # (3) oblique and rectus muscles # 
including the diaphragm # and (4) rrmseles of the perineal region 
and pelvie diaphragm. fSee Figures 10.1 and 10.2.) 

m Organization of rrmseles into the four groups includes deseriptions 
of innervation. Innervation refers to the identity of the nerve that 
eontrols a given muscle. 

10.2 Musdes of the Head and Neek p. 262 

■ Muscles of the head and neek are divided into several groups: (1) 
rrmseles of faeial expression # (2) extrinsic eye muscles # (3) muscles of 
mastication # (4) muscles of the tongue # (5) muscles of the pharynx # 
and (6) anterior rrmseles of the neek. 

Musdes of Fadal Expression p. 262 

■ The muscles of faeial expression originate on the surface of the 
skull. The largest group is assoeiated with the mouth; it includes 
the orbicularis oris and buccinator. The frontal and oeeipital 
bellies of the oeeipitofrontalis eontrol movements of the 
eyebrows # forehead # and sealp. The platysma tenses skin of the 
neek and depresses the mandible. fSee Figures 10.3 and 10.4 and 
Table 10.1.) 

Extra-ocular Muscles p. 264 

■ The six extra-ocular eye muscles ( oculomotor muscles) eontrol 
eye position and movements. These muscles are the inferior, 
lateral, medial, and superior rectus and the superior and 
inferior oblique. fSee Figure 10.5 and Table 10.2.) 

Muscles of Mastieation p. 266 

The muscles of mastieation (chewing) aet on the mandible. They 

are the masseter, temporalis, and pterygoid. (See Figure 10.6 
and Table 10.3.) 

Muscles of the Tongue p. 267 

■ The rrmseles of the tongue are neeessary for speeeh and swallowing # 
and they assist in mastieation. These muscles are the genioglossus # 
hyoglossus, palatoglossus # and styloglossus. (See Figure 10.7 
and Table 10.4.) 

Muscles of the Pharynx p. 267 

■ Muscles of the pharynx are important in beginning the swallowing 
proeess. These muscles include the pharyngeal eonstrietors, the 
laryngeal elevators (palatopharyngeus # salpingopharyngeus # 
and stylopharyngeus), and the palatal muscles, which raise the 
soft palate. (See Figure 10.8 and Table 10.5.) 

Anterior Muscles of the Neek p. 269 

■ The anterior muscles of the neek eontrol the position of the larynx # 
depress the mandible # and provide a foundation for the muscles of 
the tongue and pharynx. These include the digastrie, mylohyoid, 
stylohyoid, and sternoeleidomastoid. (See Figures 10.3, 10.4, 
10.9, 12.1, 12.2a, 12.9, and 12.10 and Table 10.6.) 


10.3 Musdes of the Vertebral Column p. 270 

■ The muscles of the baek are arranged into three distinet layers: 
superficial # intermediate # and deep. 

■ Only the deepest of these layers is eomposed of the intrinsie (or true) 
baek muscles. These intrinsie baek muscles are innervated by the 
posterior rami of the spinal nerves # and they intereonneet the vertebrae. 
(SeeFigures 10.10, 12.9, 12.10, 12.12, 12.13, and 12.14 and Table 10.7.) 

The Siiperfidal Layer of the intrinsie Baek Muscles p. 270 

■ The siiperfieial layer eontains the splenius of the neek and upper 
thorax. 

The Intermediate Laver of the intrinsie Baek Musdes o. 270 




■ The intermediate group is eomposed of the ereetor spinae of the 

trunk. I 

The Deep Layer of the intrinsie Baek Muscles p. 270 

■ The deep layer is eomposed of the transversospinales, which 
eonsists of the semispinalis group and the multifidus, 
rotatores, interspinales, and intertransversarii muscles. These 
muscles intereonneet and stabilize the vertebrae. 

Spinal Flexors p. 272 

■ Other rrmseles of the vertebral column are the longus eapitis and 
longus eolli, which rotate and flex the neck # and the quadratus 
lumborum muscles in the lumbar region # which flex the spine and 
depress the ribs. (See Figure lO.IOe and Table 10.7.) 

10.4 Oblique and Rectus Musdes p. 273 

■ The oblique and rectus muscles lie between the vertebral column 
and the anterior midline. The abdominal oblique muscles 
(external oblique and internal oblique) eompress underlying 
structures or rotate the vertebral column; the rectus abdominis 
is a flexor of the vertebral column. 

The oblique muscles of the neek and thorax include the sealenes, 
the intereostals, and the transversus muscles. The external 
intereostals and internal intereostals are important for breathing 
because they move the ribs. (5ee Figures lO.llb-d, 10.12, 12.13, and 
12.14 and Table 10.8.) 

The Diaphragm p. 275 

■ The diaphragm is important in breathing. It separates the 
abdominopelvie and thoraeie eavities. (See Figure 10.12.) 

10.5 Musdes of the Perineal Region and the 

Pelvie Diaphragm p. 277 

■ Muscles of the perineal region and pelvie diaphragm extend from 
the sacrum and coccyx to the ischium and pubis. These muscles 
(1) support the organs of the pelvie cavity # (2) flex the joints of 
the sacrum and coccyx # and (3) eontrol the movement of materials 
through the urethra and anus. 

■ The perineal region (the pelvie floor and assoeiated structures) 
is divided into an anterior urogenital triangle and a posterior 
anal triangle. The pelvie floor eonsists of the eonsists of the 
pelvie diaphragm and surrounding muscles. (See Figure 10.13 
and Tables 10.9 and 10.10.) 
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ehapter Revievv 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. spinalis. . 

2. perineal region. . 

3. buccinator. L_ 

4. extra-ocular. . 

5. intereostals. L_ 

6. stylohyoid.. L_ 

7. inferior rectus. . 

8. temporalis. L_ 

9. platysma. L_ 

10. styloglossus. . 

(a) eompresses eheeks 

(b) elevates larynx 

(e) tenses skin of neek 

(d) pelvie floor/assoeiated structures 

(e) elevates mandible 

(f) move ribs 

(g) retraets tongue 

(h) extends neek 

(i) eye muscles 

(j) makes eye look down 

11 . Which of the following muscles does not 
eompress the abdomen? 

(a) diaphragm (b) internal intereostal 

(e) external oblique (d) rectus abdominis 

12. The muscle that arises from the pubis is the 

(a) internal oblique. 

(b) rectus abdominis. 

(e) transversus abdominis. 

(d) sealene. 

13. Label the rrmseles of the head and neek on 
the figure below. 



(a)_ (b) 

(e) _ (d) 

(e)_ 


14. The iliae erest is the origin of the 

(a) quadratus lumborum. 

(b) ilioeostalis eervieis. 

(e) longissimus eervieis. 

(d) splenius. 

15. VVhieh of the following deseribes the aetion 
of the digastrie muscle? 

(a) elevates the larynx 

(b) elevates the larynx and depresses the 
mandible 

(e) depresses the larynx 

(d) elevates the mandible 

16. VVhieh of the following rrmseles inserts on 
the rib eartilages? 

(a) diaphragm 

(b) external intereostal 

(e) transversus thoraeis 
(d) sealene 

17. Label the muscles of the baek on the figure 
below. 



(a) 

(b) 

(e) 

(d) 

(e) 


18. Some of the rrmseles of the tongue are 
innervated by 

(a) the hypoglossal nerve (N XII). 

(b) the troehlear nerve (N IV). 

(e) the abducens nerve (N VII). 

(d) both b and e. 

19. VVhieh of the following is not true of the 
rrmseles of the pelvie floor? 

(a) They extend between the sacrum and 
the pelvie girdle. 

(b) They form the perineal region. 

(e) They /# fine-tune" the movements of the 
thigh relative to the pelvis. 

(d) They eneirele the openings in the pelvie 
outlet. 

20. The sealenes originate on the 

(a) transverse and eostal proeesses of eervieal 
vertebrae. 

(b) inferior border of the previous rib. 

(e) rib eartilages. 

(d) thoracolumbar faseia and iliae erest. 

21. VVhieh eranial nerve is most likely to have 
been damaged if a person eannot move the 
right eye to look laterally? 

(a) oculomotor nerve 

(b) trigeminal nerve 

(e) faeial nerve 

(d) abducens nerve 

Level 2 Reviewing Concepts 

1. During abdominal surgery 7 the surgeon makes 
a cut through the muscle direetly to the right 
of the linea alba. VVhat is that rrmsele? 

(a) digastrie 

(b) external oblique 

(e) rectus abdominis 

(d) sealene 

2. Ryan hears a loud noise and quiekly raises 

his eyes to look upward in the direetion of 
the sound. To aeeomplish this aetion, he 
must use his_muscles. 

(a) superior rectus 

(b) inferior rectus 

(e) superior oblique 

(d) lateral rectus 

3. VVhieh of the following muscles plays no role 
in swallowing? 

(a) superior eonstrietor 

(b) pterygoids 

(e) palatopharyngeus 

(d) stylopharyngeus 

4. VVhieh of the following features are 
eommon to the rrmseles of mastieation? 

(a) They share innervation through the 
oculomotor nerve. 

(b) They are also rrmseles of faeial expression. 

(e) They move the mandible at the 
temporomandibular joint. 

(d) They enable a person to smile. 
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5. The muscles of the vertebral column include 
many posterior extensors but few anterior 
flexors. Why? 

6. What role do the rrmseles of the tongue play 
in swallowing? 

7. What is the effeet of eontraeting the internal 
oblique? 

8. What are the functions of the anterior 
muscles of the neek? 

9. What is the function of the diaphragm? Why 
is it included in the axial musculature? 


10. What muscles are involved in eontrolling 
the position of the head on the vertebral 
column? 

Level 3 Critical Thinking 

1. How do the muscles of the anal triangle 
eontrol the functions of this area? 

2. Mary sees Jill eoming toward her and 
immediately eontraets her frontalis and 
procerus muscles. Is Mary glad to see 
Jill? How ean you tell? 


MasteringA&P " 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy AScPFIÌX 
topies 


v_ j 



CLINICAL CASE | WRAP-UP 


Waking with a Crooked Smile 


Sarah # along with 40 # 000 other Amerieans annually # is suffering 
from BelLs palsy. a sudden paralysis of the rrmseles of faeial 
expression innervated by the faeial nerve (N Vll) # usually on one 
side of the faee. All of the faeial muscles listed in Table 10.1, 
with the exception of the levator palpebrae superioris # ean be 
affeeted by BelLs palsy. This peripheral palsy is typieally caused 
by a viral infeetion causing inflammation of the faeial nerve as it 
passes through the tight tunnel of the internal acoustic meatus 
and the stylomastoid foramen of the temporal bone. Pregnant 
women in their third trimester and patients with diabetes are 
more susceptible to BelLs palsy. 

Interestingly, the rrmseles of faeial expression do not atrophy 
nearly as fast as skeletal muscles that insert on bone. A majority 
of BelLs palsy patients reeover within several weeks or months. 
Reeovery is most often complete # with no visible residual weakness. 
Occasionally # a slightly erooked smile ean remain for life. 

1. Why is a patient suffering from Bell's palsy unable to e/ose the 
affeeted eye willingly # yet is still able to open the eye? 

2. Why is Sarah unable to whistle or blow? 


See the blue Ansvvers tab at the baek of the book. 
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Related Ginieal Terms 


paraspinal neuromuscular syndrome: 

Neuromuscular disorder in which paraspinal 
rrmsele weakness may lead to dropped head 
syndrome or bent spine syndrome. 

diaphragmatie hernia: The protmsion of 
abdominal eontents into the thoraeie eavity 
through a weakness in the diaphragm. 


direet inguinal hernia: The protrusion of 
abdominal eontents through the abdominal 
wall in a loeation slightly medial to the 
inguinal eanal. 

hernia: The protrusion of abdominal eontents 
through a weak spot in the surrounding 
muscular wall. 


indireet inguinal hernia: The entranee of 
abdominal eontents into the inguinal eanal. 

stiff person syndrome: Rare # progressive 
neurological disorder eharaeterized by 
painful muscle spasms and muscle stiffness 
of the spine and lower extremities. 
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Learning Oiiteomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


11.1 




11.2 



11.3 



11.4 



11.5 



Deseribe how the aetion produced by a muscle 
at a joint depends on the joint structure and 
the muscle loeation relative to the axis of 
movement at the joint. p. 283 

Identify and loeate the muscles of the peetoral 
girdle and upper limb, including their origins, 
insertions, aetions, and innervations. p. 286 

Identify and loeate the eompartments of the 
arm and forearm and the muscles within eaeh 
of these eompartments. p. 301 

Identify and loeate the muscles of the pelvie 
girdle and lower limb, including their origins, 
insertions, aetions, and innervations. p. 303 

Identify and loeate the eompartments of the 
thigh and leg and the muscles within eaeh of 
these eompartments. p. 319 



J 


V 






eLl N I eAL 



Hamstmng 



David is a 25-year-old avid vvater-skier. He is skiing behind a speedboat with 
both feet strapped into a wake board when he starts to fall to his right. He 
resists the fall and digs into the board with his right foot. Soddenly, he feels 
an excruciating pop below his right gluteal region and falls into the water. 

David is unable to swim; his right lower extremity feels paralyzed. 
Fortunately 7 he is wearing a personal flotation deviee, and within minutes 
he is rescued. Baek at the doek, David eannot flex his knee at alI, but ean get 
around by loeking his quads, "hiking" his hip (knee in extension) # and doing 
an "abduction swing" to plaee his right foot forward while leaning on a friend 
for support. He eannot sit on his right side. The next evening, massive bruising 
appears on his entire posterior thigh and knee. Three weeks later, the bruising 
and swelling begin to lessen, but David ean feel a ball of rrmsele behind his 
right knee. 

One month post-injory, David still eannot flex his knee. He visits an 
orthopedist, who immediately schedules him for surgery. 

What kind of injury has David sustained? To find out f turn to the dinieal 
Case Wrap-Up on p. 324. 
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THE APPENDICULAR MUSCULATURE is the focus of this ehapter. There 
are two major groups of appendicular muscles: (1) the muscles of the peetoral 
girdle and upper limb and (2) the muscles of the pelvie girdle and lower limb 
gure 11.1 . The upper limb has a large range of motion (amount of move- 
ment that occurs at a joint) because of the muscular eonneetions between the 
peetoral girdle and the axial skeleton. These muscular eonneetions also aet as 
shoek absorbers. For example, when you jog, you ean perform delieate hand 
movements at the same time because the appendicular muscles absorb the 
shoeks and bounces in your stride. In eontrast, the pelvie girdle transfers weight 
from the axial skeleton to the lower limb. The emphasis is on strength rather 
than mobility, and the anatomieal features that strengthen the joints limit the 
range of movement of the lower limbs. 

Before proeeeding, you may want to review origins, insertions, and 
aetions of appendicular muscles (see page 251) and levers and pulleys (see 
page 254). 


11.1 Faetors Affeeting Appendicular 

Muscle Function 

► KEY POINT As in ehapter 10, information about the origin, insertion, and 
aetion of eaeh muscle is summarized in tables. These tables also eontain informa- 
tion about the innervation of individual muscles. 

Do not beeome fmstrated by the details in this ehapter; remember to relate 
the anatomieal information to the muscle functions. The goal of anatomy 
isn't rote memorization—it's imderstanding. Use the origins and insertions to 
prediet the aetion of a muscle. Then reverse the proeess, and use the aetion 
of the muscles to prediet the origins and insertions. Spotlight Figure 11.2 
gives important information about how a muscle's aetion lines help you 
prediet the aetions of that muscle. 


Figure 11.1 The Two Major Groups of Appendicular Muscles 


Muscles of the Peetoral Girdle 
and Upper Limb 


Muscles That Position 
the Peetoral Girdle 


These muscles originate on the 
axial skeleton and insert on the 
elaviele and scapula. 


Muscles That Move the Arm 


These muscles originate on the 
peetoral girdle and the thoraeie 
eage and insert on the humerus 


Muscles That Move the 


Forearm and Hand 


These muscles primarily 
originate on the peetoral girdle 
and humerus and insert on the 
radius, ulna, and/or earpals. 


Extrinsic Muscles of the 
Hand and Fingers 


These muscles primarily 
originate on the humerus, 
radius, and ulna and insert on 
the metaearpals and phalanges 


intrinsie Muscles of the Hand 


These muscles originate 
primarily on the earpal and 
metaearpal bones and insert 
on the phalanges. 



Muscles of the Pelvie Girdle 
and Lovver Limb 


Miiseles That Move the Thigh 

These muscles originate in the 
pelvie region and typieally insert on 
the femur. 


Muscles That Move the Leg 

These muscles originate on the 
pelvis and femur and insert on the 
tibia and/or fibula. 


Extrinsic Muscles That Move 


the Foot and Toes 


These muscles originate on the tibia 
and fibula and insert on the tarsals, 
metatarsals, and/or phalanges. 


intrinsie Muscles of the Foot 


These muscles originate primarily on 
the tarsal and metatarsal bones and 
insert on the phalanges. 
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SPOTLIGHT 


FIGIIRE 11.2 


Faetors Affeeting Appendicular Muscle Function 


The Anatomy of the Shoiilder Joint 


Flexion and Extension 


When a muscle or part of a large muscle eontraets, it pulls the insertion 
in a speeifie direetion. The direetion of foree (muscle pull) is ealled the 
aetion line. The movement that results depends on the anatomy of the 
joint and its axes of movement. Knowing the range of movement helps 
you understand or prediet the muscle aetion at a speeifie joint. 


POSTERIOR 


Teres minor 


Trieeps braehii 



Deltoid 


Tendons 
of bieeps 
braehii 


ANTERIOR 


Subscapularis 


Teres major 


We begin by looking 
at a lateral view of the 
muscles surrounding 
the shoulder joint. These 

muscles insert on the humerus and produce various move- 
ments. The humerus has been removed in these figures. 




Shoulder joint muscles with aetion lines erossing the anterior aspeet are 
flexors, while those erossing the posterior aspeet are extensors. 



Adduction and Abduction 



Muscles with aetion lines erossing the superior aspeet of the 
shoulder joint are abductors, while those erossing the inferior 
aspeet are adductors. 




Medial and Lateral Rotation 


Muscles with aetion lines erossing the anterior aspeet of the shoulder 
joint medially rotate and flex, while those erossing the posterior 
aspeet laterally rotate and extend. 
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Aetion Lines at the Shoulder Joint 




Spurt and Shunt Muscles 


Here is a superficial lateral view showing the aetion lines of the deltoid, 
bieeps braehii, and trieeps braehii. Analyzing how these aetion lines 
eross the shoulder helps you determine the aetions of these muscles 
on the humerus. 


Aeromion 


Entire deltoid: 

abdiietion at 
the shoulder 


Scapular deltoid: 

extension and 
lateral rotation 



Trieeps braehii: 

extension and 
adduction 



eiaviele 


Clavicular deltoid 

flexion and 
rnedial rotation 


Bieeps braehii 

flexion 


Humerus 



The loeation of a muscle's insertion, relative to the joint's axis of 
movement, gives further details about the muscle's function at that 
joint. The primary aetion of a muscle that inserts elose to the joint is 
movement of that joint. Such a muscle is termed a spurt muscle. 
However, a muscle that inserts farther from the joint will stabilize that 
joint in addition to moving that joint. This type of muscle is a synergist 
and is termed a shunt muscle. 


Flexors 

Bieeps braehii: 

movement 
and torque 

(spurt muscle) 



Extensors 

Trieeps braehii: 

movement 
and torque 

(spurt muscle) 


Braehioradialis: 

stability and 
movement 

(shunt muscle) 


Elbow joint 
(monaxial) 


Aetion Lines at the Hip Joint 



The hip joint, like the shoulder joint, is a multiaxial synovial joint that flexes, extends, 
adducts, abducts, medially rotates, and laterally rotates. The movement at the joint 
depends on the anatomy of the joint and its axes of movement. 


Gluteal Group 


Flexion, abduction, 
and medial rotation 


Extension and abduction 


Extension 


Gluteus medius 


Gluteus minimus 


Tensor faseiae 

latae 



Gluteus 

maximus 



lliopsoas: 

flexion 

Gluteus medius 
and minimus: 

abduction 


ANTERIOR 


Acetabulum 


Obturator 

externus: 

lateral rotation 

Tensor faseiae latae 

medial rotation 

Adductor longus: 

adduction 




Hamstring group: 

extension and 
lateral rotation 



Adductor 

magnus 


































































































11.1 CONCEPTCHECK 

1 Define the aetion line of a muscle and explain how 
it is used to determine the aetion of a muscle at a 



particular joint. 


See the blue Ansvvers tab at the baek of the book 


The muscles of the peetoral girdle and upper limb are divided into four groups: 

o muscles that position the peetoral girdle, 
o muscles that move the arm, 
o muscles that move the forearm and hand, and 
o muscles that move the hand and fingers. 


11.2 


Musdes of the Peetoral Girdle 
and Upper Limb 


► KEY POINT The most important function of the muscles of the peetoral 
girdle and upper limb is to position the hand so it ean perform a desired task. 



Miisdes That Position the Peetoral Girdle 


► KEY POINT Muscles of the peetoral girdle, or extrinsic muscles of the shoul- 
der, originate from the axial skeleton and ínsert onto bones of either the pee- 
toral girdle or arm. Moving these rrmseles maximizes range of motion of the 
shoulder joint. 


Figure 11.3 Superficial and Deep Muscles of the Neek, Shoulder, and Baek. Posterior view of the axial 
muscles of the baek and neek and the appendicular musculature of the peetoral girdle and proximal 
portion of the upper limb. 


Superficial Disseetion 


Deep Disseetion 




Appendicular Muscles 


Trapezius 


Deltoid 


lnfraspinatus 
Teres minor 


Teres major 


Trieeps braehii 


Latissimus dorsi 
(right side cut 
and refleeted) 


Scapular 

spine 


Axial Muscles 


Semispinalis eapitis 
Splenius eapitis 



Appendicular Muscles 


Levator scapulae 
Supraspinatus 


Rhomboid minor 
(cut and refleeted) 


Serratus posterior (superior) 

Rhomboid major 
(cut and relfleeted) 


Serratus anterior 

Latissimus dorsi 
(cut and refleeted) 


Axial Muscles 


Ereetor spinae group 


Serratus posterior (inferior) 


External oblique 
Internal oblique 
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Muscles that position the peetoral girdle are shown in gures 11.3 to 1.6 
and Table 11.1. (Refer to Chapter 12, gures 12.2 and 2.3, to identify these 
anatomieal structures from the body smfaee.) 

The large trapeziiis (tra-PÉ-zé-us) eovers the baek and portions of the 
neek and base of the skull, forming a broad diamond shape gures 11.3 
and 11.5). These muscles originate on bones and eonneetive tissue along the 
neek and baek and insert onto the elavieles and the scapular spines. 

More than one nerve innervates the trapezius. Because speeifie regions 
of the trapezius ean eontraet independently, this muscle has a wide variety 
of aetions (Table 11.1). (Refer to Chapter 12, Figures 12.10, to identify this 
strnetme in a eross seetion ofthe body at the level ofT r ) 

Removing the trapezius reveals the rhomboid (ROM-boyd) and 
the levator seapnlae (SKAP-u-lè) gures 11.3 and 1.5 . These mus- 
eles attaeh to the posterior surfaces of the eervieal and thoraeie verte- 
brae. They insert along the vertebral border of eaeh scapula, between 
the superior and inferior angles. Oontraeting the rhomboid adducts 


(retraets) the scapula, pulling it toward the eenter of the baek. Oontraet- 
ing the rhomboid also downwardly rotates the scapula, moving the gle- 
noid eavity inferiorly and the inferior angle of the scapula medially and 
superiorly ogures 7.4 and 7.5]. t) pp. 175-176 (Refer to Onapter 12, 
gure 12 . 10 , to identify this stmetme in a eross seetion ofthe body at the level 
of T 2 .) Contracting the levator scapula elevates the scapula, as in shmgging 
the shoulders. 

The serratus (se-RÁ-tus) anterior originates along the anterior and 
superior surfaces of several ribs on the lateral wall of the ehest gures 11.5 
and 1 . 6 ]. This fan-shaped muscle inserts on the anterior surface of the verte- 
bral border of the scapula. Contracting the serratus anterior abducts the scapula 
and moves the glenoid eavity of the scapula anteriorly. 

The subclavius (sub-KLÀ-vè-us; sub~, below, + clavius, elaviele) 
and peetoralis (pek-tò-RA-lis) minor lie deep to the peetoralis major 
gures 11.4 and 11.6). The subclavius originates from the first rib and 
inserts onto the inferior border of the elaviele. Contracting the subclavius 




Figure 11.4 Superficial and Deep Muscles of the Trunk and Proximal Limb. Anterior view of the axial 
muscles of the trunk and the appendicular musculature assoeiated with the peetoral girdle and the 
proximal portion of the upper limb. 


Superficial Disseetion 


Deep Disseetion 


Axial Muscles 


Platysma 


I 


Appendicular Muscles 


Deltoid 


Peetoralis major 


Latissimus dorsi 


Serratus anterior 


Axial Muscles 


External oblique 


Rectus sheath 


Superficial inguinal ring 



Axial Muscles 


Sternoeleidomastoid 


Appendicular Muscles 


Trapezius 

Subclavius 

Deltoid (cut 
and refleeted) 

Peetoralis minor 
Subscapularis 


Peetoralis major 
(cut and refleeted) 

Coracobrachialis 


Bieeps braehii 
Teres major 


Serratus anterior 


Axial Muscles 


External intereostal 

Internal intereostal 
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Figure 11.5 Muscles That Position the Peetoral Girdle, Part I. Posterior view showing superfieial 
muscles and deep muscles of the peetoral girdle. 
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Position the 
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Levator scapulae 


Rhomboid minor 


Rhomboid major 
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Trieeps braehii 


depresses and protraets the lateral (scapular) end of the elaviele. Because 
ligaments eonneet the lateral end of the elaviele to the scapula and shoul- 
der joint, those structures also move when the subclavius eontraets. The 
peetoralis minor originates from ribs 3 to 5 (or 2 to 4, depending on the 
individual) and inserts onto the eoraeoid proeess of the scapula :g- 
ure 11.6 . (Refer to Chapter 12, gure 12.1C, to identify this structure 
in a eross seetion of the body at the level of T r ) Contracting the peetoralis 
minor moves the scapula in the same manner as the subclavius. Table 11.1 
identifies the muscles that move the peetoral girdle and the nerves that 
innervate those muscles. 


Musdes That Move the Arm 

► KEY POINT Muscles that move the arm are termed intrinsie muscles of the 
shoulder. They originate from the peetoral girdle, insert onto the humerus, and 
move the arm at the shoulder joint. These muscles move the arm and position 
the hand for a desired task. 

Muscles that move the arm are easiest to remember when they are grouped by 
their primary aetions. ures 11.4 and 1.7a show anterior muscles; poste- 
rior muscles are shown in : igures 11.3 and 1.7b. Table 11.2 summarizes 
information on these muscles. 
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Figure 11.6 Muscles That Position the Peetoral Girdle, Part II. Anterior view showing superfieial 
muscles and deep muscles of the peetoral girdle. Seleeted origins and insertions are detailed. 
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Table 11.1 


Muscles That Position the Peetoral Girdle 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Levator scapulae 

Transverse proeesses of first four 
eervieal vertebrae 

Vertebral border of scapula 
near superior angle and 
medial end of scapular spine 

Elevates scapula 

Cervical nerves 

C 3 -C 4 and dorsal 
scapular nerve (C 5 ) 

Peetoralis minor 

Anterior surfaces and superior 
margins of ribs 3-5 or 2-4 and 
the faseia eovering the assoeiated 
external intereostal muscles 

Coracoid proeess of scapula 

Depresses and protraets shoulder; rotates 
scapula so glenoid eavity moves inferiorly 
(downward rotation); elevates ribs if 
scapula is stationary 

Medial peetoral 
nerve (C 8 , T,) 

Rhomboid major 

Ligamentum nuchae and the spinous 
proeesses of vertebrae T 2 to T 5 

Vertebral border of scapula 
from spine to inferior angle 

Adducts and performs downward 
rotation of the scapula 

Dorsal scapular 
nerve (C 5 ) 

Rhomboid minor 

Spinous proeesses of vertebrae e^-T^ 

Vertebral border of scapula 

Adducts and performs downward 
rotation of the scapula 

Dorsal scapular 
nerve (C 5 ) 

Serratus anterior 

Anterior and superior margins of ribs 
1-8, 1-9, or 1-10 

Anterior surface of vertebral 
border of scapula 

Protraets shoulder; rotates scapula so 
glenoid eavity moves superiorly (upward 
rotation) 

Lonq thoraeie nerve 

(C 5 -C 7 ) 

Subclavius 

First rib 

eiaviele (inferior border of 
middle 1/3) 

Depresses and protraets shoulder 

Nerve to subclavius 

(C 5 -C 6 ) 

Trapezius 

Oeeipital bone, ligamentum nuchae, 
and spinous proeesses of thoraeie 
vertebrae 

eiaviele and scapula 
(aeromion and scapular spine) 

Depends on aetive region and state 
of other muscles; may elevate, retraet, 
depress, or rotate scapula upward and/or 
elaviele; ean also extend neek when the 
position of the shoulder is fixed 

Aeeessory nerve (XI) 
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The deltoid is the prime mover for abducting the arm, but the 
supraspinatus (su-pra-sp!-NÀ-tus) is a synergist at the start of this move- 
ment. The subscapularis and teres (TER-èz) major rotate the arm medi- 
ally, whereas the infraspinatus (in-fra-spT-NÀ-tus) and teres minor are 
antagonistie to that aetion, rotating the arm laterally. All of these muscles 
originate on the scapula. The eoraeobraehialis (kor-a-kò-brà-ké-A-lis) 
gure 11.7a) is the only muscle attaehed to the scapula that flexes and 
adducts the arm at the shoulder joint. (Refer to Ghapter 12, gures 12.2, 
12.4, and 12.5, to identify these anatomieal strnetnres from the body smfaee, and 
Figure 12.10 to identify these structures in a eross seetion ofthe body at the level 
OfTy) 

The peetoralis major originates from the eartilages of ribs 2 to 6 and 
inserts onto the erest of the greater tubercle of the humerus. The peetora- 
lis major flexes, adducts, and medially rotates the humerus at the shoul- 

I der joint. The latissimus dorsi (la-TIS-i-mus DOR-sé) has a wide variety 
of origins and inserts onto the intertubercular sulcus of the humerus 
gures 11.3, 11.4, and 1.7b). The latissimus dorsi flexes, adducts, and 
medially rotates the humerus at the shoulder joint. (Refer to Ghapter 12, 
Figures 12.2a, 12.3b, and 12.5, to identify these anatomieal structures from 
the body smfaee, and - igure 12.10 to identify these strnetmes in a eross seetion 
ofthe body at the level ofT r ) 

The shoulder is a mobile but weak joint. The tendons of the supraspina- 
tus, infraspinatus, subscapularis, and teres minor join with the eonneetive 
tissue of the shoulder joint capsule and form the rotator cuff. The rotator 
cuff supports and strengthens the joint capsule of the shoulder. Powerful, 
repetitive arm movements eommon in many sports (such as pitehing a fast- 
ball for many innings) plaee eonsiderable strain on the muscles of the rota- 
tor cuff, often causing tendon damage, muscle strains, bursitis, and other 
painful injuries. 




TIPS & TOOLS 


To remember the muscles of the rotator cuff, think SITS: Supraspinatus, 
Infraspinatus, Teres minor, and Subcapularis. 


Spotlight Figure 11.2 on pp. 284-285 discussed how a muscle’s aetion 
lines help you prediet the aetions of that muscle. Speeifieally, the aetion lines 
of the bieeps braehii, trieeps braehii, and deltoid were shown in relation to the 
shoulder joint. What follows are examples of how to use aetion lines to prediet 
the aetions of these three muscles: 

■ Although the bieeps braehii does not insert on the humerus, the bieeps 
braehii is a flexor of the shoulder because its aetion lines pass anterior to 
the axis of the shoulder joint. 

■ The trieeps braehii does not insert onto the humerus either, but the trieeps 
braehii is an extensor of the shoulder because its aetion lines pass posterior 
to the axis of the shoulder joint. 

■ The aetion line of the clavicular, or anterior, portion of the deltoid also 
erosses anterior to the axis of the shoulder joint as it inserts onto the 
humerus. This portion of the deltoid flexes and medially rotates the shoul- 
der. The aetion line of the scapular, or posterior, portion of the deltoid 
passes posterior to the axis of the shoulder joint. The scapular portion 
of the deltoid extends and laterally rotates the shoulder. Contracting the 
entire deltoid abducts the shoulder because the aetion line for the muscle 
as a whole passes superior and lateral to the axis of the joint. 


Table 11.2 


Muscles That Move the Arm 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Coracobrachialis 

Coracoid proeess 

Medial margin of shaft of 
humerus 

Adduction and flexion at shoulder 

Musculocutaneous nerve 
(C 5 -C 7 ) 

Deltoid 

Oaviele and scapula (aeromion 
and adjaeent scapular spine) 

Deltoid tuberosity of 
humerus 

Whole muscle\ abduction of 
shoulder; anteriorpart flexion 
and medial rotation of humerus; 
posteriorpart\ extension and lateral 
rotation of humerus 

Axillary nerve (C 5 -C 6 ) 

Supraspinatus 

Supraspinous fossa of scapula 

Greater tubercle of humerus 

Abduction at shoulder 

Suprascapular nerve (C 5 ) 

lnfraspinatus 

lnfraspinous fossa of scapula 

Greater tubercle of humerus 

Lateral rotation at shoulder 

Suprascapular nerve 

(C 5 -C 6 ) 

Subscapularis 

Subscapular fossa of scapula 

Lesser tubercle of humerus 

Medial rotation at shoulder 

Subscapular nerve 
(C 5 -C 6 ) 

Teres major 

Inferior angle of scapula 

Medial lip of intertubercular 
sulcus of humerus 

Extension and medial rotation at 
shoulder 

Lower subscapular nerve 
(C 5 -C 6 ) 

Teres minor 

Lateral border of scapula 

Greater tubercle of humerus 

Lateral rotation and adduction at 
shoulder 

Axillary nerve (C 5 ) 

Trieeps braehii (long head) 

See Table 11.3 




Bieeps braehii 

See Table 11.3 




Latissimus dorsi 

Spinous proeesses of inferior 
thoraeie and all lumbar and 
saeral vertebrae, ribs 8-12, and 
thoracolumbar faseia 

Floor of intertubercular 
sulcus of the humerus 

Extension, adduction, and medial 
rotation at shoulder 

Thoraeodorsal nerve 

(C 6 -C 8 ) 

Peetoralis major 

Cartilages of ribs 2-6, body of 
sternum, and inferior, medial 
portion of elaviele 

Crest of greater tubercle and 
lateral lip of intertubercular 
sulcus of humerus 

Flexion, adduction, and medial 
rotation at shoulder 

Medial and lateral 
peetoral nerves (es-T^) 
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Figure 11.7 Muscles That Move the Arm 
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Miisdes That Move the Forearm and Hand 

► KEY POINT All of the anterior muscles of the arm are innervated by the mus- 
culocutaneous nerve, and all of the posterior muscles of the arm are innervated 
by the radial nerve. In the forearm, all but tvvo anterior forearm muscles (flexor 
earpi ulnaris and the ulnar portion of flexor digitorum profundus) are innervated 
by the median nerve. All of the posterior muscles of the forearm are innervated 
by the radial nerve. 


Most of the muscles that move the forearm and hand originate on the humerus 
and insert on the forearm and wrist. There are two notevvorthy exceptions: 

o The long head of the trieeps braehii (TRI-seps BRA-ke-i) originates on the 
scapula and inserts on the oleeranon. 

o The long head of the bieeps braehii originates on the scapula and inserts 
on the radial tuberosity of the radius gures 11.4-11.8, 11.10 . 


Table 11.3 


Muscles That Move the Forearm and Hand 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

ACTION ATTHE ELBOW 

FLEXORS 

Bieeps braehii 

Short head from the eoraeoid 
proeess; long head from the 
supraglenoid tubercle (both on 
the scapula) 

Radial tuberosity 

Flexion at elbovv and shoulder; 
supination of forearm and hand 
by lateral rotation of radius at 
radioulnar joints 

Musculocutaneous 
nerve (C 5 -C 6 ) 

Braehialis 

Distal half of the anterior 
surface of the humerus 

lllnar tuberosity and eoronoid 
proeess 

Flexion at elbovv 

Musculocutaneous 
nerve (C 5 -C 6 ) and radial 
nerve (C 7 -C 8 ) 

Braehioradialis 

Ridge superior to the lateral 
epieondyle of humerus 

Lateral aspeet of styloid proeess of 
radius 

Flexion at elbovv 

Radial nerve (C 6 -C 8 ) 

EXTENSORS 





Anconeus 

Posterior surface of lateral 
epieondyle of humerus 

Lateral margin of oleeranon and 
ulnar shaft 

Extension at elbovv 

Radial nerve (C 6 -C 8 ) 

Trieeps braehii 





Lateral head 

Superior, lateral margin of 
humerus 

Oleeranon of ulna 

Extension at elbovv 

Radial nerve (C 6 -C 8 ) 

Long head 

Infraglenoid tubercle of scapula 

Oleeranon of ulna 

Extension at elbovv, plus extension 
and adduction at shoulder 

Radial nerve (C 6 -C 8 ) 

Medial head 

Posterior surface of humerus, 
inferior to radial groove 

Oleeranon of ulna 

Extension at elbovv 

Radial nerve (C 6 -C 8 ) 

PRONATORS/SLIPINATORS 

Pronator quadratus 

Anterior and medial surfaces of 
distal ulna 

Anterolateral surface of distal 
portion of radius 

Pronates forearm and hand by 
medial rotation of radius at radio- 
ulnar joints 

Median nerve (es-T^) 

Pronator teres 

Medial epieondyle of humerus 
and eoronoid proeess of ulna 

Middle of lateral surface of radius 

Pronates forearm and hand by 
medial rotation of radius at radio- 
ulnar joints, plus flexion at elbovv 

Median nerve (C 6 -C 7 ) 

Supinator 

Lateral epieondyle of humerus 
and ridge near radial noteh of 
ulna 

Anterolateral surface of radius 
distal to the radial tuberosity 

Supinates forearm and hand by 
lateral rotation of radius at radio- 
ulnar joints 

Deep radial nerve 
(C 6 -C 8 ) 

ACTION ATTHE WRIST 

FLEXORS 

Flexor earpi radialis 

Medial epieondyle of humerus 

Bases of seeond and third 
metaearpal bones 

Flexion and abduction at vvrist 

Median nerve (C 6 -C 7 ) 

Flexor earpi ulnaris 

Medial epieondyle of humerus; 
adjaeent medial surface of 
oleeranon and anteromedial 
portion of ulna 

Pisiform, hamate, and base of fifth 
metaearpal bone 

Flexion and adduction at vvrist 

Lllnar nerve (es-T^) 

Palmaris longus 

Medial epieondyle of humerus 

Palmar aponeurosis and flexor 
retinaculum 

Flexion at vvrist 

Median nerve (C 6 -C 7 ) 

EXTENSORS 

Extensor earpi radialis 
longus 

Lateral supracondylar ridge of 
humerus 

Base of seeond metaearpal bone 

Extension and abduction at vvrist 

Radial nerve (C 6 -C 7 ) 

Extensor earpi radialis 
brevis 

Lateral epieondyle of humerus 

Base of third metaearpal bone 

Extension and abduction at vvrist 

Radial nerve (C 6 -C 7 ) 

Extensor earpi ulnaris 

Lateral epieondyle of humerus; 
adjaeent dorsal surface of ulna 

Base of fifth metaearpal bone 

Extension and adduction at vvrist 

Deep radial nerve (C 6 -C 8 ) 
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Figure 11.8 Muscles That Move the Forearm and Hand, Part I. Relationships among the muscles of 
the right upper limb are shovvn. 
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The trieeps braehii and bieeps braehii are examples of muscles of the arm that 
exert aetions at more than one joint. Contracting the trieeps braehii extends 
and adducts the shoulder and also extends the elbow. Contracting the bieeps 
braehii flexes the shoulder and also flexes the elbow and supinates the forearm. 
Although these muscles exert an aetion at the shoulder, their primary (most 
important) aetions are at the elbow. 

The bieeps braehii is also an example of how the position of the body 
affeets the aetion of a muscle: When the forearm is pronated, the bieeps bra- 
ehii eannot eontraet as forcefully as when the forearm is supinated due to the 
position of the muscle's insertion. 

The braehialis (BRÁ-ké-a-lis) and braehioradialis (BRÀ-ké-ò-rà-dé-a-lis) 
also flex the elbow. The anconeus (an-KÒ-nè-us) and the trieeps braehii are 
antagonists to this aetion. The flexor earpi ulnaris, flexor earpi radialis, 
and palmaris longus are superficial muscles that work together to flex the 

| wrist ures 11.8, 11.10, and l.lla] . The flexor earpi radialis also abducts 
the wrist, while the flexor earpi ulnaris adducts the wrist. The extensor earpi 
radialis and the extensor earpi ulnaris also have an antagonistie aetion: The 
extensor earpi radialis extends and abducts the wrist, and the extensor earpi 
ulnaris extends and adducts the wrist. 

The pronator teres and the supinator muscle are antagonistie mus- 
eles that originate on the humerus and the ulna. They insert on the radius 
and rotate the forearm without flexing or extending the elbow. The pronator 
quadratus originates on the ulna and assists the pronator teres in opposing 
the supination aetions of the supinator muscle and the bieeps braehii. ìgure 
11.9 shows the muscles involved in pronation and supination (medial and 
lateral rotation). Note how the radius ehanges position as the pronator teres 
and pronator quadratus eontraet. A bursa prevents abrasion against the tendon 
as the tendon of the bieeps braehii rolls under the radius during pronation. 

The origins, insertions, and innervations of the muscles that move the 
forearm and hand are listed in Table 11.3. (Refer to Ghapter 12 , ures 

12.4 and 12.5, to identify these anatomieal structures from the body smfaee.) 
As you study the rmiseles in Table 11.3 note that extensor muscles typieally 
lie along the posterior and lateral surfaces of the forearm, and flexors are on 
the anterior and medial surfaces. Many of the rmiseles that move the fore- 
arm and hand ean be seen from the body surface jures 11.8a, ll.lOa, 
12.4, and 12.5). 




TIPS & TOOLS 


Here is a simple triek to remember the four anterior superficial fore- 
arm muscles originating from the medial epieondyle of the humerus. 
Hold both arms out, palms touching. Then slide your right hand prox- 
imally until your palm reaehes your elbow with your fingers pointing 
toward your wrist. With eaeh finger representing one of the four 
muscles, think PFPF: Pronator teres (index finger), Flexor earpi radi- 
alis (middle finger), Palmaris longus (ring finger), and Flexor earpi 
ulnaris (little finger). 


Miisdes That Move the Hand and Fingers 

► KEY POINT The position of the wrist affeets the functioning of the hand. 
Many muscles of the forearm, therefore, affeet the aetions of the wrist because 
(1) all of the muscles that flex or extend the wrist originate on the humerus, ra- 
dius, and/or ulna and (2) many muscles that flex or extend the fingers originate 
on the radius and/or ulna. 


Figure 11.9 Muscles Involved in Supination and Pronation. Deep 
muscles involved with supination and pronation. 
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CLINICAL NOTE 


Sports lnjuries 


Strains (stretehing or tearing of rrmsele or tendons that 
attaeh rrmsele to bone) and sprains (stretehing or tearing of 
ligaments that eonneet bone to bone) are by far the most eommon 
type of sports injuries. They ean range from mild to severe with 
eomplete disruption of rrmsele, tendons, or ligaments. 

The knee is the most eommonly injured joint. The patellar liga- 
ment or quadriceps tendon ean inflame, causing tendinitis, or it ean 
rupture. Major ligaments of the knee joint, particularly the anterior 
cruciate ligament (ACL), ean be sprained or torn. The menisei ean be 
damaged or torn. 

Tendinitis ean affeet both sides of the elbow. Lateral humeral 
epieondylitis, involving the origin of the wrist extensors, is eommonly 
known as "tennis elbow." Medial humeral epieondylitis, involving the 
origin of the wrist flexors, is eommonly known as "piteher's elbow." 

Bony injuries range from bmising, bleeding beneath the peri- 
osteum, to stress fractures or acute fractures. Joints, particularly the 
shoulder, ean disloeate. 
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Figiire 11.10 Muscles That Move the Forearm and Hand, Part II. Relationships among the muscles of 
the right upper limb are shovvn. 
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Extrinsic Muscles of the Hand 

Several superficial and deep muscles of the forearm flex and extend the joints 
of the fingers (Table 11.4). These muscles provide strength and gross motor 
eontrol of the hand and fingers and are ealled extrinsic muscles of the hand. 
(Refer to Chapter 12, ìgures 12.4 and 2.Ì , to identify these anatomieal struc- 
tures from the body srnfaee.) 

Only the tendons of the extrinsic muscles of the hand eross the wrist joint. 
These are large muscles, so to ensure maximum mobility of the wrist and hand, 
the tendons of these muscles must be kept elear of the wrist joints ures 11.8, 
11.10, and 1.11 . The tendons erossing the posterior and anterior surfaces of 
the wrist pass through synovial tendon sheaths, elongated bursae that reduce 
frietion. gures 11.8b and l.lla-e show these muscles in an anterior view, 
and Figures ll.lOb, ll.lld-f, and 11.12a show them in a posterior view. 

The faseia of the forearm thiekens on the posterior surface of the 
wrist to form a wide band of eonneetive tissue, the extensor retinaculum 
(ret-i-NAK-u-lum) ' gure 11.12a . The extensor retinaculum holds the ten- 
dons of the extensor muscles in plaee. The faseia also thiekens on the anterior 
surface, forming another wide band of eonneetive tissue, the flexor retinacu- 
lum, which holds the tendons of the flexor muscles in plaee igure 11.12c' . 


Inflammation of the retinacula and tendon sheaths restriets movement and irri- 
tates the median nerve, a sensory and motor nerve that innervates the hand. This 
eondition, known as earpal tunnel syndrome, causes ehronie pain. 



CLINICAL NOTE 


CarpaE Tunnel Syndrome 

Carpal tunnel syndrome is caused by inflammation and 
swelling of the flexor tendon sheaths within the earpal tunnel, 
deep to the flexor retinaculum within the palm. In addition to the 
long finger flexor tendons, the median nerve travels through this 
tunnel. Because it is the most vulnerable structure within this tight 

spaee, the median nerve ean experience isehemia (is-KÉ-mè-a), an 
interruption of its blood sopply, causing malfunction and pain. 

The pain manifests as tingling or numbness in digits 1 # 2, and the 
lateral half of digit 4. There is also abductor pollieis brevis weak- 
ness. Surgical treatment involves ineising the flexor retinaculum to 
relieve pressure and ereate spaee for the nerve. 




TIPS & TOOLS 


Look ahead to page 298. Here are some mnemonies to help you remem- 
ber the muscles of the hand and their aetions: 

■ PAD: Palmar (hand) muscles ADuct 

■ DAB: Dorsal (hand) muscles ABduct 

■ Muscles of the hand: “All For One And One For All.” Abductor digiti 
minimi, Flexor digiti minimi, Opponens digit minimi, Adductor pollieis, 
Opponens pollieis, Flexor pollieis brevis, Abductor pollieis brevis 



Median nerve 


Flexor retinaculum 

Synovial tendon 
sheaths 

Carpal tunnel 

Pisiform 

Triquetrum 

- Carpal 
Lunate bones 

Seaphoid 



Table 11.4 


Muscles That Move the Hand and Fingers 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Abductor pollieis longus 

Proximal dorsal surfaces of ulna and 
radius 

Lateral margin of first 
metaearpal bone and trapezium 

Abduction at joints of thumb and 
wrist 

Deep radial nerve 

(c 6 -c 7 ) 

Extensor digitomm 

Lateral epieondyle of humerus 

Posterior surfaces of the 
phalanges, digits 2-5 

Extension at finger joints and wrist 

Deep radial nerve 

(C 6 -C 8 ) 

Extensor pollieis brevis 

Shaft of radius distal to origin 
of abductor pollieis longus; 
interosseous membrane 

Base of proximal phalanx of 
thumb 

Extension at joints of thumb; 
abduction at wrist 

Deep radial nerve 
(C 6 -C 7 ) 

Extensor pollieis longus 

Posterior and lateral surfaces of 
ulna; interosseous membrane 

Base of distal phalanx of thumb 

Extension at joints of thumb; 
abduction at wrist 

Deep radial nerve 
(C 6 -C 8 ) 

Extensor indieis 

Posterior surface of ulna; 
interosseous membrane 

Posterior surface of proximal 
phalanx of index finger (2), with 
tendon of extensor digitorum 

Extension and adduction at joints of 
index finger 

Deep radial nerve 
(C 6 -C 8 ) 

Extensor digiti minimi 

Via extensor tendon to lateral 
epieondyle of humerus and from 
intermuscular septa 

Posterior surface of proximal 
phalanx of little finger 

Extension at joints of little finger; 
extension at wrist 

Deep radial nerve 
(C 6 -C 8 ) 

Flexor digitomm 
superficialis 

Medial epieondyle of humerus; 
eoronoid proeess of ulna and adjaeent 
anterior surfaces of ulna and radius 

To bases of middle phalanges 
of digits 2-5 

Flexion at proximal interphalangeal, 
metaearpophalangeal, and wrist 
joints 

Median nerve 

(C 7 -Ti) 

Flexor digitomm 
profundus 

Medial and posterior surfaces of 
ulna, medial surfaces of eoronoid 
proeess; interosseous membrane 

Bases of distal phalanges of 
digits 2-5 

Flexion at distal interphalangeal joints, 
and, to a lesser degree, proximal 
interphalangeal joints and wrist 

Anterior 

interosseous braneh 
of median nerve and 
ulnar nerve (C 8 -T \) 

Flexor pollieis longus 

Anterior shaft of radius; 
interosseous membrane 

Base of distal phalanx of thumb 

Flexion at joints of thumb 

Median nerve 
(C 8 -Tì) 
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Figure 11.11 Extrinsic Muscles That Move the Hands and Fingers 
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Intrinsie Miisdes of the Hand 

Fine motor eontrol of the hand involves small intrinsie nmseles of the 
hand that originate on the earpal and metaearpal bones ures 11.12 
and 1.13' . These intrinsie muscles are responsible for (1) flexion and 
extension of the fingers at the metaearpophalangeal joints, (2) abduction 
and adduction of the the fingers at the metaearpophalangeal joints, and 
(3) opposition and reposition of the thumb. No muscles originate on the 
phalanges, and only tendons extend aeross the distal joints of the fingers. 
Table 11.5 lists the origins, insertions, and aetions of the intrinsie rmiseles 
of the hand. 

The four liimbrieals originate on the tendons of the flexor digitomm pro- 
fundus muscle in the palm of the hand. They insert onto the tendons of the 
extensor digitomm muscle. These muscles flex the metaearpophalangeal joints 
and extend the interphalangeal joints of the fingers. 

The four dorsal interossei abduct the fingers. The abductor digiti 
minimi abducts the little finger, and the abductor pollieis brevis abducts 
the thumb. The adductor pollieis adducts the thumb, and the four palmar 
interossei adduct the fingers at the metaearpophalangeal joints. 

Opposition of the thumb refers to flexing and medially rotating the thumb 
at the earpometaearpal joint and touching any other digit on the same hand. 


The opponens pollieis allows this aetion. Two extrinsic muscles of the hand, 
the extensor pollieis longus and the abductor pollieis longus reposition the 
thumb (see Table 11.4). 



CONCEPT CHECK 

2 Through vvhieh structures do the tendons that eross 
the posterior and anterior surfaces of the vvrist pass 
before reaehing their insertion points? 

3 Name the thiekened faseia on the posterior surface of 
the vvrist that forms a vvide band of eonneetive tissue. 

4 What is the primary muscle that abducts the arm at 
the shoulder joint? 

5 lnjury to the flexor earpi ulnaris impairs vvhat tvvo 
movements? 

6 Identify the muscles that rotate the radius without 
flexing or extending the elbow. 


See the blue Ansvvers tab at the baek of the book. 


Table 11.5 


intrinsie Muscles of the Hand 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Adductor pollieis 

Metaearpal and earpal bones 

Proximal phalanx ofthumb 

Adduction of thumb 

Lllnar nerve, deep braneh 

(C 8 -Ti) 

Opponens pollieis 

Trapezium and flexor 
retinaculum 

First metaearpal bone 

Opposition of thumb 

Median nerve (C 6 -C 7 ) 

Palmaris brevis 

Palmar aponeurosis 

Skin of medial border of hand 

Moves skin on medial border toward 
midline of palm 

Lllnar nerve, superfieial 
braneh (C 8 ) 

Abductor digiti minimi 

Pisiform 

Proximal phalanx of little 
finger 

Abduction of little finger and flexion 
at its metaearpophalangeal joint 

Ulnar nerve, deep braneh 

(Cg-Ti) 

Abductor pollieis 
brevis 

Transverse earpal ligament, 
seaphoid and trapezium 

Radial side of base of proximal 
phalanx of thumb 

Abduction of thumb 

Median nerve (C 6 -C 7 ) 

Flexor pollieis brevis* 

Flexor retinaculum, trapezium, 
eapitate, palmar ligaments of 
distal row of earpal bones, and 
ulnar side of first metaearpal 

Radial and ulnar sides of 
proximal phalanx ofthumb 

Flexion and adduction of thumb 

Branehes of median and 
ulnar nerves 

Flexor digiti minimi 
brevis 

Hook of the hamate and flexor 
retinaculum 

Proximal phalanx of little 
finger 

Flexion at fifth metaearpophalangeal 
joint 

Lllnar nerve, deep braneh 
(C 8 -T,) 

Opponens digiti 
minimi 

Hook of the hamate and flexor 
retinaculum 

Fifth metaearpal bone 

Flexion at metaearpophalangeal joint; 
brings digit into opposition with thumb 

Lllnar nerve, deep braneh 
(Cg-T|) 

Lumbrical (4) 

The four tendons of flexor 
digitorum profundus 

Tendons of extensor digitorum 
to digits 2-5 

Flexion at metaearpophalangeal 
joints; extension at proximal and 
distal interphalangeal joints 

Median nerve (lumbricals 

1, 2); ulnar nerve, deep 
braneh (lumbricals 3, 4) 

Dorsal interosseus (4) 

Eaeh originates from opposing 
faees of two metaearpal bones 
(1 and II, II and III, III and IV, IV 
and V) 

Bases of proximal phalanges of 
digits 2-4 

Abduction at metaearpophalangeal 
joints of digits 2-4, flexion at 
metaearpophalangeal joints; 
extension at interphalangeal joints 

Ulnar nerve, deep braneh 

(C 8 -Ti) 

Palmar interosseus (4) 

Sides of metaearpal bones II, IV, 
and V 

Bases of proximal phalanges of 
digits 2, 4, and 5 

Adduction at metaearpophalangeal 
joints of digits 2, 4, and 5; flexion 
at metaearpophalangeal joints; 
extension at interphalangeal joints 

Ulnar nerve, deep braneh 
(C 8 -T,) 


*The portion of the flexor pollieis brevis originating on the first metaearpal bone is sometimes ealled the first palmar 
interosseus, which inserts on the ulnar side of the proximal phalanx and is innervated by the ulnar nerve. 
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Figure 11.1 Intrinsie Muscles, Tendons, and Ligaments of the Hand, Part I. Anatomy of the right 
vvrist and hand. 


Tendon of 
extensor indieis 


intrinsie Muscles 


of the Hand 


First dorsal interosseus 


Abductor digiti minimi 


Tendon of extensor 
pollieis longus 

Tendon of extensor 

pollieis brevis 

Tendon of extensor 
earpi radialis longus 

Tendon of extensor 
earpi radialis brevis 



Tendons 
of extensor 
digitomm 


Tendon of 
extensor 
digiti minimi 


Tendon of extensor 
earpi ulnaris 

Extensor 

retinaculum 



Posterior (dorsal) view 



Extensor 

digitomm 


Extensor pollieis 

longus 

Extensor pollieis 

brevis 

First dorsal 
interosseus 


Abductor pollieis 

longus 

Extensor earpi 
radialis longus 

Extensor earpi 
radialis brevis 



Insertion 


Extensor 
digiti minimi 


Dorsal 

interossei 


Dorsal 

interossei 


Extensor 
earpi ulnaris 


Abductor 
digiti minimi 



Posterior view of the bones of the right hand showing 
the origins and insertions of seleeted muscles. 


Synovial sheaths 


intrinsie Muscles 
of the Hand 


Lumbricals 
Palmar interosseus 


First dorsal 
interosseus 

Abductor 
digiti minimi 

Flexor digiti 
minimi brevis 

Opponens 
digiti minimi 

Palmaris brevis (cut) 


Tendon of flexor 
digitorum profundus 


Flexor retinaculum 


Tendon of flexor earpi ulnaris 



Tendon of flexor 
digitorum superficialis 


Tendons of 
flexor digitomm 


Tendon of flexor 
pollieis longus 


intrinsie Muscles 
of the Thumb 


Adductor pollieis 

Flexor pollieis 
brevis 

Opponens pollieis 

Abductor pollieis 
brevis 


Tendon of palmaris longus 
Tendon of flexor earpi radialis 



Anterior (palmar) view. 




Flexor digitomm 

profundus 

Flexor 

digitomm I 
superficialis 


Palmar 

interossei 

Abductor 
digiti minimi 

Palmar 

interossei 

Opponens 
digiti minimi 

Flexor earpi 
ulnaris 

Abductor 
digiti minimi 


Opponens 
digiti minimi 


Insertion 


Adductor 

pollieis 

Flexor pollieis 
longus 

Adductor 

pollieis 

Opponens 

pollieis 

Abductor 
pollieis brevis 

Flexor 

pollieis brevis 



Anterior view of the bones of the right hand, showing 
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Figure 11.13 Intrinsie Muscles, Tendons, and Ligaments of the Hand, Part II 
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11.3 Compartments and Seetional 

Anatomy of the Arm and Forearm 

► KEY POINT The deep faseia of the arm eonneets to the periosteum of the 
humerus, dividing the arm into (1) the anterior (flexor) eompartment and (2) the 
posterior (extensor) eompartment. The muscles vvithin eaeh of these eompart- 
ments reeeive blood from a eommon artery and are innervated by a eommon 
nerve. 

Chapter 3 introduced the types of faseiae in the body and explored how these 
dense eonneetive tissue layers provide a structural framework for the soft tis- 
sues of the body. pp. 73-74 There are three types of faseiae: (1) the superficial 
faseia, a layer of areolar tissue deep to the skin; (2) the deep faseia, a dense 
fibrous layer bound to the capsule, periosteum, epimysium, and other fibrous 
sheaths surrounding internal organs; and (3) the subserous faseia, a layer of 
areolar tissue separating a serous membrane from adjaeent structures. 

The eonneetive tissue fibers of the deep faseia support and intereonneet 
adjaeent skeletal muscles while allowing independent muscle movement. If 
muscles are similar in orientation, aetion, and range of motion, they are tightly 
intereonneeted by the deep faseia. Such muscles are difficult to separate during 
disseetion. However, if the orientations and aetions of two muscles are differ- 
ent, they are less tightly intereonneeted and easier to separate on disseetion. 

In the limbs, the muscles are tightly paeked together around the bones. The 
superficial faseia, deep faseia, and periosteum are elosely intereonneeted. As a 
result, the muscles of the limb are separated into eompartments. 

The deep faseia of the arm forms the lateral intermuscular septum 
and the medial intermuscular septum gure 11.14a,b'. The lateral 


intermuscular septum extends along the lateral surface of the humerus from 
the lateral epieondyle to the deltoid tuberosity. The medial intermuscular 
septum is shorter, extending along the medial surface of the humerus from 
the medial epieondyle to the insertion of the eoraeobraehialis. These two 
pieees of eonneetive tissue divide the arm into an anterior eompartment, 
or f\exor eompartment, and a posterior eompartment, or extensor eompart- 
ment gures 11.14 and 11.15). The bieeps braehii, eoraeobraehialis, and 
braehialis are in the anterior eompartment; the trieeps braehii is the only 
muscle in the posterior eompartment. The major blood vessels, lymphaties, 
and nerves of the arm are in the eonneetive tissue between the anterior and 
posterior eompartments. 

The deep faseia and the antebraehial interosseous membrane divide the 
forearm into four eompartments: (1) superficial anterior eompartment, 
(2) deep anterior eompartment, (3) lateral eompartment, and (4) posterior 
eompartment ìgures 11.14c,d and 1.1! . Table 11.6 lists the structures 
within eaeh eompartment of the upper limb. 



CONCEPT CHECK 

7 There are five miiseles in the siiperfieial anterior 
eompartment of the forearm. Name these muscles, 
moving medially to laterally. 

8 Give the name of the only nerve that innervates 
all posterior eompartment muscles of the arm and 
forearm. 


5ee the blue Ansvvers tab at the baek of the book. 


Table 11.6 Compartments of the llpper Limb 


eompartment Muscles Blood Vessels* ft Nerves* 


ARM 

Anterior eompartment 

Bieeps braehii 

Braehialis 

Coracobrachialis 

Braehial artery 

Inferior ulnar eollateral artery 

Superior ulnar eollateral artery 

Braehial veins 

Median nerve 

Musculocutaneous nerve 
lllnar nerve 

Posterior eompartment 

Trieeps braehii 

Deep braehial artery 

Radial nerve 

FOREARM 




Anterior eompartment 
Superficial 

Flexor earpi radialis 

Flexor earpi ulnaris 

Flexor digitorum superfieialis 

Palmaris longus 

Pronator teres 

Radial artery 

Lllnar artery 

Anterior interosseous artery 

Anterior ulnar recurrent artery 

Posterior ulnar recurrent artery 

Median nerve 
lllnar nerve 

Anterior interosseous nerve 
lllnar nerve 

Median nerve 

Deep 

Flexor digitorum profundus 

Flexor pollieis longus 

Pronator quadratus 



Lateral eompartment 5 

Braehioradialis 

Extensor earpi radialis brevis 

Extensor earpi radialis longus 

Radial artery 

Radial nerve 

Posterior eompartment 

Abductor pollieis longus 

Anconeus 

Extensor earpi ulnaris 

Extensor digitorum 

Extensor digiti minimi 

Extensor indieis 

Extensor pollieis brevis 

Extensor pollieis longus 

Supinator 

Posterior interosseous artery 

Posterior ulnar recurrent artery 

Posterior interosseous nerve 


*Cutaneous vessels are not listed. 
f Only large, named vessels are listed. 

*Cutaneous nerves are not listed. 

§ Contains what is sometimes ealled the radial, or antero-external, group of muscles. 
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Figure 11.14 Musculoskeletal Compartments of the llpper Limb 
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Figure 11.15 Disseetion of the Right llpper Limb, with Seetional Views of the Arm and Forearm 
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11.4 Musdes of the Pelvie Girdle and 

Lower Limb 

► KEY POINT The muscles of the pelvie girdle, lower limbs, and feet eontraet in 
a eoordinated manner, allowing the body to move from plaee to plaee. 


The attaehments between the pelvie girdle and axial skeleton allow very little 
movement. The muscles that influence the position of the pelvis are discussed 
in ehapter 10. to pp. 277-278 The muscles of the lower limbs are larger and 
more powerful than those of the upper limbs. There are three groups of muscles 
in the lower limb: (1) muscles that move the thigh, (2) muscles that move the 
leg, and (3) muscles that move the foot and toes Figure 11.1 . 
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Miisdes That Move the Thigh 

► KEY POINT Many of the muscles that move the thigh originate on the ilium 
and insert onto the femur or the iliotibial traet. 

The large, powerful muscles that move the thigh originate on the pelvis. These 
muscles include the gluteal group, lateral rotator group, adductor group, and 
iliopsoas group (Table 11.7). 


Three gluteal muscles eover the lateral surface of the ilium (Spotlight 
Figure 11.2 and igures 11.16 and 1.1 ). (Refer to Oiapter 12, igure 
12.6c, to identify these anatomieal structures from the body smfaee.) The glu- 
teus maximus is the largest and most superficial of the gluteal muscles. It 
originates on the posterior gluteal line and parts of the iliae erest; the saemrn, 
coccyx, and assoeiated ligaments; and the thoracolumbar faseia. This mus- 
ele extends and laterally rotates the thigh at the hip. The gluteus maximus 
shares an insertion with the tensor faseiae latae (TEN-sor FASH-è-é LÀ-tè), 


Table 11.7 


Muscles That Move the Thigh 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

GLLITEAL GROUP 

Gluteus maximus 

lliae erest, posterior gluteal 
line, and lateral surface of 
ilium; sacrum, coccyx, and 
thoracolumbar faseia 

lliotibial traet and gluteal 
tuberosity of femur 

Extension and lateral rotation at hip; 
helps stabilize the extended knee; 
abduction at the hip (superior fibers 
only) 

Inferior gluteal nerve (L 5 -S 2 ) 

Gluteus medius 

Anterior iliae erest, lateral 
surface of ilium betvveen 
posterior and anterior 
gluteal lines 

Greater troehanter of 
femur 

Abduction and medial rotation at hip 

Superior gluteal nerve (L 4 —S^) 

Gluteus minimus 

Lateral surface of ilium 
betvveen inferior and 
anterior gluteal lines 

Greater troehanter of 
femur 

Abduction and medial rotation at hip 

Superior gluteal nerve (L 4 —S^) 

Tensor faseiae latae 

lliae erest and lateral 
surface of anterior superior 
iliae spine 

lliotibial traet 

Extension of the knee and lateral 
rotation of the leg aeting through the 
iliotibial traet; abduction* and medial 
rotation of the thigh 

Superior gluteal nerve (L 4 —S^) 

LATERAL ROTATOR GROUP 

Obturators (externus 
and internus) 

Lateral and medial margins 
of obturator foramen 

Troehanterie fossa of femur 
(externus); medial surface 
of greater troehanter 
(internus) 

Lateral rotation and abduction of 
hip; help to maintain stability and 
integrity of the hip 

Obturator nerve (externus: L 3 -L 4 ) 
and speeial nerve from saeral 
plexus (internus: L 5 -S 2 ) 

Piriformis 

Anterolateral surface of 

sacrum 

Greater troehanter of 
femur 

Lateral rotation and abduction of 
hip; help to maintain stability and 
integrity of the hip 

Branehes of saeral nerves (S^—S 2 ) 

Gemelli (superior and 
inferior) 

isehial spine (superior 
gemellus) and isehial 
tuberosity (inferior 
gemellus) 

Medial surface of greater 
troehanter via tendon of 
obturator internus 

Lateral rotation and abduction of 
hip; help to maintain stability and 
integrity of the hip 

Nerves to obturator internus and 
quadratus femoris 

Quadratus femoris 

Lateral border of isehial 
tuberosity 

intertroehanterie erest of 
femur 

Lateral rotation of hip 

Speeial nerves from saeral plexus 

(U-Si) 

ADDUCTOR GROUP 

Adductor brevis 

Inferior ramus of pubis 

Linea aspera of femur 

Adduction and flexion at hip 

Obturator nerve (L 3 -L 4 ) 

Adductor longus 

Inferior ramus of pubis, 
anterior to adductor brevis 

Linea aspera of femur 

Adduction, flexion, and medial 
rotation at hip 

Obturator nerve (L 3 -L 4 ) 

Adductor magnus 

Inferior ramus of pubis 
posterior to adductor 
brevis and isehial tuberosity 

Linea aspera and adductor 
tubercle of femur 

Whole muscle produces adduction 
at the hip; anterior part produces 
flexion and medial rotation; posterior 
part produces extension 

Obturator and seiatie nerves 

Pectineus 

Superior ramus of pubis 

Peetineal line inferiorto 
lesser troehanter of femur 

Flexion and adduction at hip 

Femoral nerve (L 2 -L 4 ) 

Graeilis 

Inferior ramus of pubis 

Medial surface of tibia 
inferior to medial eondyle 

Flexion and medial rotation at knee; 
adduction and medial rotation at hip 

Obturator nerve (L 3 -L 4 ) 

ILIOPSOAS GROUP 

lliacus 

lliae fossa 

Femur distal to lesser 
troehanter; tendon fused 
vvith that of psoas major 

Flexion at the hip and, vvhen vvorking 
vvith the psoas major, flexes the 
intervertebral joints. 

Femoral nerve (L 2 -L 3 ) 

Psoas major 

Anterior surfaces and 
transverse proeesses of 
vertebrae (T 12 -L 5 ) 

Lesser troehanter in 
eompany vvith iliacus 

Flexion at hip and/or lumbar 
intervertebral joints 

Branehes of the lumbar plexus 
(L 2 - L 3 ) 


Researeh results have raised signifieant questions regarding the role of the tensor faseiae latae in abducting the thigh at the hip. 
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which originates on the iliae erest and lateral surface of the anterior superior 
iliae spine. Together, these muscles pull on the iliotibial (il-è-o-TIB-è-al) traet, a 
band of eollagen fibers that extends along the lateral surface of the thigh and 
inserts on the tibia. This traet braees the lateral surface of the knee and stabi- 
lizes the knee when a person balanees on one foot. 


The gluteus medius and gluteus minimus originate anterior to the 
gluteus maximus and insert on the greater troehanter of the femur :-igures 
11.16a-c and 11.17b). Both abduct and medially rotate the thigh at the hip. 
The anterior gluteal line on the lateral surface of the ilium marks the boundary 
between the gluteus medius and gluteus minimus. 


Figure 11.16 Muscles That Move the Thigh, Part I 
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Posterior view of pelvis showing deep disseetions of the gluteal 
muscles and lateral rotators. For a superficial view of the gluteal 
muscles, see Figures 11.2, 11.18, and 11.19. 
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Posterior view of the gluteal and lateral rotator muscles; the gluteus 
maximus has been removed to show the deeper muscles. 
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b 


Lateral view of the right pelvis showing the 
origins of seleeted muscles. 



Adductor 
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(see Table 11.8) 


d 


Anterior view of the iliopsoas and the adductor group. 
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Figure 11.T Muscles That Move the Thigh, Part II 
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Muscles and assoeiated structures seen in a sagittal seetion 
through the pelvis 
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Coronal seetion through the hip shovving the 
hip joint and surrounding muscles 


The lateral rotators laterally rotate the thigh at the hip igures 11.16 
and 11.17a). In addition, the piriformis (pir-i-FOR-mis) obturator muscles, 
and the gemelli muscles abduct the thigh at the hip. The dominant lateral 
rotators of this group are the piriformis, obturator externus, and obturator 
internus. 

The adductors are found inferior to the acetabulum gures 11.16 and 
11.1 . (Refer to Chapter 12, igures 12.6a and 2.7a, to identify these ana- 

tomieal structures from the body smfaee.) The adductor magmis, adductor bre- 
vis, adductor longus, pectineus (pek-TI-nè-us), and graeilis (GRAS-i-lis) 
all originate on the pubis. Except for the graeilis, all of these muscles insert on 
the linea aspera, a ridge along the posterior surface of the femur. (The graeilis 
inserts on the tibia.) Their aetions are varied. All of the adductors except the 
adductor magnus originate both anterior and inferior to the hip, so they are flex- 
ors, adductors, and medial rotators of the thigh at the hip. The adductor magnus 
adducts, flexes, and medially rotates, or extends and laterally rotates, the thigh at 
the hip, depending on which region of the muscle is stimulated. VVhen an ath- 
lete pulls a groin muscle, he or she has torn one of these adductor muscles. 

The medial surface of the pelvis is dominated by a single pair of 
muscles: the psoas major and iliacus. The psoas (SÓ-us) major orig- 
inates on the inferior thoraeie and lumbar vertebrae and inserts onto 
the lesser troehanter of the femur. The tendon of the psoas major mus- 
ele joins with the tendon of the iliaens (il-È-a-kus), which originates 
on the iliae fossa. These two muscles are powerful flexors of the hip, 
and they pass deep to the inguinal ligament. They are often referred to 
together as the iliopsoas (i-lé-ò-SÒ-us ) (Figures 11.16d and 11.17). 

One way to organize the diverse muscles is to group them by their orien- 
tation around the hip. Muscles that originate on the pelvis and insert on the 


femur produce eharaeteristie movements determined by their position relative 
to the acetabulum. These aetion lines around the acetabulum were presented in 

Spotlight Figure 11.2 on pp. 284-285. 

Musdes That Move the Leg 

► KEY POINT The femoral nerve innervates the muscles that extend the leg at 
the knee; the seiatie nerve innervates the muscles that flex the leg at the knee. 

Muscles that move the leg are detailed in Figures 11.18 to 1.21 and 
Table 11.8. You ean use the relationships between the aetion lines and the 
axis of the knee joint to prediet the aetions of the muscles that move the 
leg at the knee. However, the anterior/posterior orientation of the miiseles 
that move the leg is reversed. This is related to the rotation of the limb during 
embryologieal development (see Chapter 28, Embryology and Human 
Development). Therefore: 

■ Muscles that have aetion lines passing anteriorly to the axis of the knee 
joint, such as the quadriceps femoris, extend the knee. 

■ Muscles that have aetion lines passing posteriorly to the axis of the knee 
joint, such as the hamstrings, flex the knee. 

Most of the extensor muscles originate on the femur and extend along 
the anterior and lateral surfaces of the thigh igures 11.18, 11.20a,b, and 
11.21). Flexor muscles originate on the pelvis and extend along the posterior 
and medial surfaces of the thigh igures 11.19, 11.20c, and 1.21 . (Refer 
to Chapter 12, F igure 12.7a,b, to identify these anatomieal structures from the 
body smfaee.) 
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Collectively, the knee extensors are ealled the quadriceps femoris, or 
the quadriceps muscles. Three of the quadriceps muscles, the vastus muscles 
(vastus lateralis, vastus medialis, and vastus intermedius), originate on 
the femur, and the rectus femoris originates on the anterior inferior iliae 
spine. All of these rmiseles insert onto the tibial tuberosity by the quadriceps 
tendon, patella, and patellar ligament. The three vastus muscles surround 
the rectus femoris the same way a bun surrounds a hot dog. The vastus lat- 
eralis, vastus medialis, and vastus intermedius extend the knee. Because the 
rectus femoris originates on the anterior inferior iliae spine of the pelvis, it 
erosses the hip and the knee joints, so it flexes the hip and extends the knee. 


The flexors of the knee are the bieeps femoris, semimembranosus 

(sem-é-mem-bra-NÒ-sus), semitendinosus (sem-è-ten-di-NÒ-sus), and 
sartorius (sar-TOR-é-us). These muscles originate on the pelvis and insert on 
the tibia and fibula Figures 11.18 to 11.21 . Because the long head of the 
bieeps femoris and the semimembranosus and semitendinosus originate on the 
pelvis inferior and posterior to the acetabulum, they also eross the hip joint 
and, therefore, extend the hip. These muscles are often ealled the << hamstrings. ,> 

The sartorius is the only knee flexor that originates superior to the aeetab- 
ulum. It inserts on the medial aspeet of the tibia. The sartorius flexes, abducts, 
and laterally rotates the hip and also flexes the knee. 


Figure 11.18 Muscles That Move the Leg, Anterior Views 
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Surface anatomy, anterior 
view, of the right thigh. 


b 


Anterior view of the superficial 
muscles of the right thigh. 



Anterior view of the bones of the right 
lower limb showing the origins and 
insertions of seleeted muscles. 


ehapter 11 The Muscular System: Appendicular Musculature 


307 



































































Figure 11.19 Muscles That Move the Leg, Posterior Views 
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Superficial muscles, 
posterior view. 



Posterior view of the bones of the right hip, 
thigh, and proximal leg showing the origins 
and insertions of seleeted muscles. 


As noted in ehapter 8, the knee joint ean be loeked at full extension 
by a slight lateral rotation of the tibia. The small popliteus (pop-LI-tè-us) 
originates on the femur near the lateral eondyle and inserts on the posterior 
tibial shaft gure 11.19d,e . When the knee starts to flex, this muscle 
eontraets and medially rotates the tibia, unlocking the knee joint. 

gure 11.19a shows the surface anatomy of the posterior thigh and 
landmarks for some of the knee flexors. The seetional view of the thigh 
shows the four muscles of the quadriceps femoris Figure 11.20b'. The 
vastus intermedius nestles against the femur and lies deep to the other three 
muscles of the quadriceps. The large mass of the vastus lateralis is visible in 
the lateral view of the thigh because part of it lies deep to the iliotibial traet 
(Figure 11.21b). 




TIPS & TOOLS 


When you are studying the hamstring muscles, the following tips will 
help you remember the insertions and origins of the bieeps femoris, 
semitendinosus, and semimembranosus: 

■ Bieeps femoris: Bi means “two heads/’ but it should also remind you 
that this muscle has two origins (isehial tuberosity and linea aspera 
of the femur) and two insertions (head of the fibula and the lateral 
eondyle of the tibia). 

■ There are three hamstrings—and eaeh of these muscles has three 
aetions. 


308 The Muscular System 


www.ebook3000.com 













































































Figure 11.19 (continued) 
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Posterior view of the bones of 
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leg showing the origins and 
insertions of seleeted muscles. 
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Musdes That Move the Foot and Toes 

► KEY POINT Muscles of the posterior eompartment of the leg plantar flex the 
foot and flex the toes and are innervated by the tibial nerve. The two lateral 
eompartment muscles plantar flex and evert the foot and are innervated by the 
superficial fibular nerve. The anterior eompartment muscles dorsiflex the foot 
and extend the toes and are innervated by the deep fibular nerve. 

Extrinsic Muscles of the Foot 

Extrinsic muscles of the foot move the foot and toes. ures 11.2 to 1.24 
show the extrinsic muscles of the foot, and Table 11.9 presents additional 
information on these muscles. (Refer to Chapter 12, : igure 12.1 , to identify 
these anatomieal structures from the body smfaee.) 

The large gastroenemiiis (gas-trok-NÉ-mé-us; gastroknemia, ealf of leg) 
and the underlying soleus (SÓ-lè-us) are plantar flexors of the foot 
(Figures 11.22a,b,d and 1 .24) . The soleus is a synergist to the gastrocnemius, 


inereasing the speed and foree of the plantar flexion. The gastrocnemius orig- 
inates on the medial and lateral eondyles of the femur. A sesamoid bone, 
ealled the fabella, is sometimes found in the tendon of the lateral head of the 
gastrocnemius. The gastrocnemius and soleus insert onto the ealeaneal 
tendon (eommonly ealled the “Aehilles tendon ,> ). 

The two fibularis longus and fibularis brevis ( peroneus longus 
and peroneiis brevis ) lie partially deep to the gastrocnemius and soleus 
(Figure 11.22b-d). These muscles plantar flex and evert the ankle. The 
tibialis (tib-è-A-lis) anterior dorsiflexes and inverts the foot and is an antag- 
onist to the gastrocnemius Figures 11.2 and 1.24). Muscles that flex 
or extend the toes originate on the tibia, the fibula, or both gures 11.22 
to 1.24). Large tendon sheaths surround the tendons of the tibialis ante- 
rior, extensor digitorum longus, and extensor hallucis longus where they 
eross the ankle joint. The superior extensor retinaculum and inferior 
extensor retinaculum stabilize these tendon sheaths Tgures 11.23a 
and 11.24). 
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Table 11.8 


Muscles That Move the Leg 


Musde 

Origin 

Insertion 

Aetion 

Innervation 

FLEXORS OF THE KNEE 

Bieeps femoris 

isehial tuberosity (long head) 
and linea aspera of femur 
(short head) 

Head of fibula, lateral eondyle of 
tibia 

Flexion at knee; extension 
and lateral rotation at hip 

Seiatie nerve; tibial portion 
(S^—S 3 to long head) and 
eommon fibular braneh (L 5 -S 2 
to short head) 

Semimembranosus 

isehial tuberosity 

Posterior surface of medial eondyle 
of tibia 

Flexion at knee; extension 
and medial rotation at hip 

Seiatie nerve (tibial portion 

^5”^2) 

Semitendinosus 

isehial tuberosity 

Proximal, medial surface of tibia 
near insertion of graeilis 

Flexion at knee; extension 
and medial rotation at hip 

Seiatie nerve (tibial portion 

^5”^2) 

Sartorius 

Anterior superior iliae spine 

Medial surface of tibia near tibial 
tuberosity 

Flexion at knee; abduction, 
flexion, and lateral rotation 
at hip 

Femoral nerve (L 2 -L 3 ) 

Popliteus 

Lateral eondyle of femur 

Posterior surface of proximal tibial 
shaft 

Medial rotation of tibia (or 
lateral rotation of femur) at 
knee; flexion at knee 

Tibial nerve (L 4 —S^) 

EXTENSORS OF THE KNEE 

Rectus femoris 

Anterior inferior iliae spine and 
superior acetabular rim of ilium 

Tibial tuberosity via quadriceps 
tendon, patella, and patellar ligament 

Extension at knee; flexion 
at hip 

Femoral nerve (L 2 -L 4 ) 

Vastus intermedius 

Anterolateral surface of femur 
and linea aspera (distal half) 

Tibial tuberosity via quadriceps 
tendon, patella, and patellar ligament 

Extension at knee 

Femoral nerve (L 2 -L 4 ) 

Vastus lateralis 

Anterior and inferior to greater 
troehanter of femur and along 
linea aspera (proximal half) 

Tibial tuberosity via quadriceps 
tendon, patella, and patellar 
ligament 

Extension at knee 

Femoral nerve (L 2 -L 4 ) 

Vastus medialis 

Entire length of linea aspera of 
femur 

Tibial tuberosity via quadriceps 
tendon, patella, and patellar ligament 

Extension at knee 

Femoral nerve (L 2 -L 4 ) 


Figure 11.20 Muscles That Move the Leg, Seetional Vievvs 
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Figure 11.21 Muscles that Move the Leg, Medial and Lateral Views 
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Figure 11.22 Extrinsic Muscles That Move the Foot and Toes, Posterior Views 
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Figure 11.23 Extrinsic Muscles That Move the Foot and Toes, Anterior Views 
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Figure 11.24 Extrinsic Muscles That Move the Foot and Toes, Medial and Lateral Views 
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Table 11.9 


Extrinsic Muscles That Move the Foot and Toes 


Musde 

Origin 

Insertion 

Aetion 

Innervation 

ACTION ATTHE ANKLE 

DORSIFLEXORS 

Tibialis anterior 

Lateral eondyle and 
proximal shaft of tibia 

Base of first metatarsal bone and 
medial cuneiform 

Dorsiflexion at ankle; inversion of 
foot 

Deep fibular nerve 

(L 4 -Si) 

PLANTAR FLEXORS 

Gastrocnemius 

Femoral eondyles 

Calcaneus via ealeaneal tendon 

Plantar flexion at ankle; flexion at 
knee 

Tibial nerve (S^—S 2 ) 

Fibularis brevis 

Midlateral margin of fibula 

Base of fifth metatarsal bone 

Eversion of foot and plantar flexion 
at ankle 

Superficial fibular nerve 
(L 4 -S 1 ) 

Fibularis longus 

Head and proximal shaft of 
fibula 

Base of first metatarsal bone and 
medial cuneiform 

Eversion of foot and plantar flexion 
at ankle; supports ankle; supports 
longitudinal and transverse arehes 

Superficial fibular nerve 
(L 4 -S 1 ) 

Plantaris 

Lateral supracondylar ridge 

Posterior portion of calcaneus 

Plantar flexion at ankle; flexion at 
knee 

Tibial nerve (L^-S^) 

Soleus 

Head and proximal shaft 
of fibula, and adjaeent 
posteromedial shaft of tibia 

Calcaneus via ealeaneal tendon 
(with gastrocnemius) 

Plantar flexion at ankle; postural 
muscle when standing 

Seiatie nerve, tibial 
braneh (S^—S 2 ) 

Tibialis posterior 

lnterosseous membrane and 
adjaeent shafts of tibia and 
fibula 

Navicular, all three cuneiforms, 
cuboid, seeond, third, and fourth 
metatarsal bones 

Inversion of foot; plantar flexion at 
ankle 

Seiatie nerve, tibial 
braneh (S^—S 2 ) 

ACTION ATTHETOES 

DIGITAL FLEXORS 

Flexor digitomm longus 

Posteromedial surface of 
tibia 

Inferior surface of distal 
phalanges, toes 2-5 

Flexion of joints of toes 2-5; plantar 
flexes ankle 

Tibial braneh (L 5 —S^) 

Flexor hallucis longus 

Posterior surface of fibula 

Inferior surface, distal phalanx of 
great toe 

Flexion at joints of great toe; 
plantar flexes ankle 

Tibial braneh (L 5 —S^) 

DIGITAL EXTENSORS 

Extensor digitomm longus 

Lateral eondyle of tibia, 
anterior surface of fibula 

Superior surfaces of phalanges, 
toes 2-5 

Extension of toes 2-5; dorsiflexes 
ankle 

Deep fibular nerve 
(L 5 -S 1 ) 

Extensor hallucis longus 

Anterior surface of fibula 

Superior surface, distal phalanx of 
great toe 

Extension at joints of great toe; 
dorsiflexes ankle 

Deep fibular nerve 
(L 5 -S 1 ) 


r 




The tibialis posterior originates on the shaft of the tibia and fibula and 
inserts onto the navicular, all three cuneiform bones, the cuboid, and seeond, 
third, and fourth metatarsal bones iigures 11.22c f d and 1.24a] . It inverts 
and plantar flexes the ankle. When stressed by repetitive use such as long-dis- 
tanee rnnning, the muscle attaehments along the tibial and fibular surfaces 
ean get irritated and inflamed, causing a eondition ealled “shin splints. ,> 


TIPS & TOOLS 


The following mnemonie will help you remember what structures pass 
posterior to the medial malleolus of the tibia from anterior to posterior: 

“Tom, Diek, And Harry.” Tibialis posterior, flexor Digitomm longus, 
posterior tibial Artery, flexor Hallucis longus 

intrinsie Muscles of the Foot 

The small intrinsie muscles that flex and extend the toes originate on the tarsal 
and metatarsal bones of the foot (Figures 11.25 and 11.26 and Table 11.10). 
Flexor muscles originating from the anterior border of the calcaneus maintain 
the longitudinal areh of the foot. 

As in the hand, the small interossei (singular, interosseus ) of the foot 
originate on the lateral and medial surfaces of the metatarsal bones. The four 


dorsal interossei abduct the metatarsophalangeal joints of toes 3 and 4, 
and the three plantar interossei adduct the metatarsophalangeal joints of 
toes 3-5. 

Three intrinsie muscles of the foot move the great toe (hallux): The flexor 
halhieis brevis flexes the great toe. The adductor hallvieis adducts it, and the 

abductor hallneis abducts it. 

There are more intrinsie muscles of the foot that flex the joints of 
the toes than muscles that extend the toes. The flexor digitorum brevis 
the quadratus plantae, and the four lumbricals flex the joints of toes 2-5. 
The flexor digiti minimi brevis flexes toe 5. The extensor digitorum 
brevis extends the toes. This muscle assists the extensor hallucis longus in 
extending the great toe and assists the extensor digitomm longus in extending 
toes 2-4 (see Table 11.9). The extensor digitomm brevis is the only intrinsie 
muscle found on the dorsum of the foot. 

The flexor digitorum brevis, abductor digitì minimi, and quadratus 
plantae all originate on the medial tubercle of the calcaneus gures 
11.25b-e and 1.26c). The plantar aponeurosis, or plantar faseia, is super- 
fieial to these muscles. This region of muscle attaehment eommonly beeomes 
inflamed and tender from walking or mnning. This eondition, ealled plantar 
faseiitis, results in tenderness on the sole of the foot. Without treatment, the 
aponeurosis and muscles will tear away from the calcaneus, leading to a bony 
thiekening on the calcaneus ealled a heel spur. 
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CLINICAL NOTE 


Calcaneal Tendon Rupture 

The ealeaneal tendon is the strongest, thiekest tendon 
in the body. It eonneets the powerful gastrocnemius and soleus 
to the posterior calcaneus. The gastrocnemius erosses both the knee 
and the ankle and is reinforeed by the soleus. Sudden 7 explosive eon- 
traetions, as in jumping or pushing off # exert great pressure on the eal- 
eaneal tendon # which ean result in spontaneous rupture. The patient # 
often a middle-aged # weekend athlete, deseribes a sensation of having 
been kieked in the baek of the leg and experiences a sudden inability 
to run or jump. Surgical repair is often the treatment of ehoiee. 




Figure 11.25 intrinsie Muscles That Move the Foot and Toes, Part I 
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Table 11.10 


intrinsie Muscles of the Foot 


Muscle 

Origin 

Insertion 

Aetion 

Innervation 

Extensor 
digitomm brevis 

Calcaneus (superior and 
lateral surfaces) 

Dorsal surface of toes 1-4 

Extension at metatarsophalangeal joints of toes 
1-4 

Deep fibular nerve 
(S,-S 2 ) 

Abductor hallucis 

Calcaneus (tuberosity on 
inferior surface) 

Medial side of proximal 
phalanx of great toe 

Abduction at metatarsophalangeal joint of great 
toe 

Medial plantar nerve 

(S 2 -S 3 ) 

Flexor digitomm 
brevis 

Calcaneus (tuberosity on 
inferior surface) 

Sides of middle phalanges, 
toes 2-5 

Flexion of proximal interphalangeal joints of 
toes 2-5 

Medial plantar nerve 

(S 2 -S 3 ) 

Abductor digiti 
minimi 

Calcaneus (tuberosity on 
inferior surface) 

Lateral side of proximal 
phalanx # toe 5 

Abduction and flexion at metatarsophalangeal 
joint of toe 5 

Lateral plantar nerve 

(S 2 -S 3 ) 

Quadratus 

plantae 

Calcaneus (medial, inferior 
surfaces) 

Tendon of flexor digitorum 
longus 

Flexion at joints of toes 2-5 

Lateral plantar nerve 

(S 2 -S 3 ) 

Lumbricals (4) 

Tendons of flexor digitorum 
longus 

Insertions of extensor 
digitorum longus 

Flexion at metatarsophalangeal joints; extension 
at interphalangeal joints of toes 2-5 

Medial plantar nerve (1), 
lateral plantar nerve (2-4) 

Flexor hallucis 
brevis 

Cuboid and lateral 
cuneiform 

Proximal phalanx of great 
toe 

Flexion at metatarsophalangeal joint of great 
toe 

Medial plantar nerve 
(L 4 -S 5 ) 

Adductor hallucis 

Bases of metatarsal bones 

II— IV and plantar ligaments 

Proximal phalanx of great 
toe 

Adduction and flexion at metatarsophalangeal 
joint of great toe 

Lateral plantar nerve 

(Si-S 2 ) 

Flexor digiti 
minimi brevis 

Base of metatarsal bone V 

Lateral side of proximal 
phalanx of toe 5 

Flexion at metatarsophalangeal joint of 
toe 5 

Lateral plantar nerve 

(Si-S 2 ) 

Dorsal 

interossei (4) 

Sides of metatarsal bones 

Medial and lateral sides of 
toe 2; lateral sides of toes 

3 and 4 

Abduction at metatarsophalangeal joints of toes 3 
and 4; flexion of metatarsophalangeal joints and 
extension at the interphalangeal joints of toes 2 
through 4 

Lateral plantar nerve 

(Si-S 2 ) 

Plantar 
interossei (3) 

Bases and medial sides of 
metatarsal bones 

Medial sides of toes 3-5 

Adduction of metatarsophalangeal joints of toes 
3-5; flexion of metatarsophalangeal joints and 
extension at interphalangeal joints 

Lateral plantar nerve 

(Si-S 2 ) 
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Figure 11.25 ( continued) 
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Figure 11.26 Intrinsie Muscles That Move the Foot and Toes, Part II 
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Dorsal (superior) view of the bones of the right foot 
showing the origins and insertions of seleeted muscles. 



CONCEPT CHECK 

9 Which muscles that move the thigh at the hip are 
innervated by the femoral nerve? 

10 VVhat is the eolleetive name for the knee extensors? 

11 VVhieh of the extrinsic muscles of the foot originate 
on the fibula? 

12 List the rrmseles that evert the foot. 

13 List the intrinsie muscles of the foot that originate on 
the calcaneus. 


5ee the blue Ansvvers tab at the baek of the book. 
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11.5 Compartments and Seetional 

Anatomy of the Thigh and Leg 

► KEY POINT As in the arm and forearm, the deep faseia in the thigh and leg 
extends between the bones and the superficial faseia and separates the soft tis- 
sues of the limb into separate eompartments. 

Figures 11.2 and 1.28c,d show the eompartments of the leg, and 
Figure 11.28a,b shows the eompartments of the thigh. The medial and 
lateral intermuscular septa of the thigh extend outward from the femur, 
separating adjaeent muscle groups. The thigh is divided into anterior, posterior, 
and medial ( adductor ) eompartments igure 11.28a,b]. The anterior eom- 
partment eontains the tensor faseiae latae, sartorius, and the quadriceps group. 
The posterior eompartment eontains the hamstrings, and the medial eompartment 
eontains the graeilis, pectineus, obturator externus, adductor longus, adductor 
brevis, and adductor magnus (Table 11.11). 



CLINICAL NOTE 


Compartment Syndrome 

lnjuries (particularly fractures) to the extremities cause 
bleeding and swelling within anatomieal eompartments. If the 
pressure within a eompartment exceeds the pressure in the blood 
vessels within that eompartment, blood flow is reduced and the 
muscles beeome isehemie. Nerves within the eompartments suf- 
fer irreversible damage within 2-4 hours. isehemie muscles suffer 
irreversible damage after 6 hours. Taking anabolie steroids seems 
to worsen eompartment syndrome. Emergeney surgical treatment 
involves cutting the faseia that forms the eompartments to allevi- 
ate pressure and reestablish blood flow. 


Swelling of anterior 

eompartment 




Pìgure 11.27 Musculoskeletal Compartments of the Leg, Anterior View 
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The tibia and fibula, ernral interosseous membrane, and septa in the 
leg ereate four major eompartments: an anterior eompartment, a lateral 
eompartment, and siiperfieial and deep posterior eompartments 
gures 11.2 and 1.28c,d . The anterior eompartment eontains muscles 
that dorsiflex the ankle, extend the toes, and invert and evert the ankle. The 
muscles of the lateral eompartment evert and plantar flex the ankle. The super- 
fieial muscles of the posterior eompartment plantar flex the ankle, and the 
deep muscles of the posterior eompartment plantar flex the ankle and have 
other aetions on the joints of the foot and the toes. Table 11.11 lists the mus- 
eles and other structures within these eompartments. 



CONCEPT CHECK 

14 List the functions of the muscles within the lateral 
eompartment of the leg. 

15 The posterior surface of the leg is eomposed of 
superficial and deep eompartments. List the muscles 
of the deep posterior eompartment of the leg and 
their functions. 

16 Which eompartment of the thigh eontains the 
muscles that adduct the thigh at the hip? 

17 List the rrmseles of the superficial posterior 
eompartment of the leg and their functions. 


5ee the blue Ansvvers tab at the baek of the book. 
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Figure 11.28 Musculoskeletal Compartments of the Lower Limb 


Anterior Compartment 




Reetiis femoris 

Vastus lateralis 

Sartorius 
Vastus medialis 


Femoral artery, vein, and nerve 


Femur 


Gluteus maximus 



Anterior Compartment 



Rectus femoris 

Femoral artery, 

vein, and 
nerve 

Vastus lateralis 


b 


Anterior Compartment 



v 


Tibialis anterior 

Anterior tibial 
artery and vein 


Anterior Compartment 



Tendon of tibialis 

anterior 


Anterior tibial artery 

and vein 


Lateral Compartment 


■ 



Tendon of fibularis 

longus 


Medial Compartment 


Adductor longus 
Adductor magnus 



Posterior Compartment 

Seiatie nerve 

Bieeps femoris and 
semitendinosis 

1 >JBT A 

Kl 



Fiorizontal seetion through proximal right thigh 



Medial Compartment 


Adductor longus 
Adductor magnus 



Posterior Compartment 


Seiatie nerve 
Bieeps femoris 



Florizontal seetion through distal right thigh 


Tibia 


Lateral Compartment 


Fibularis longus — 



Deep Posterior Compartment 

- Tibialis posterior 

Posterior tibial artery 
and vein 

1 


Superficial Posterior Compartment 


Soleus 


I 


Gastrocnemius 




Ftorizontal seetion through 
proximal right leg 


Fibula 




Flexor hallucis longus 

Posterior tibial artery 
and vein 



d 


Florizontal seetion 
through distal right leg 


Superficial Posterior Compartment 

- Soleus 

- Calcaneal tendon 




320 


The Muscular System 


www.ebook3000.com 






































































































































































Table 11.11 


Compartment 


THIGH 


eompartments of the Lower Limb 


Muscles 


Blood Vessels 


Nerves 


Anterior eompartment 


lliopsoas 
lliacus 
Psoas major 
Psoas minor 
Quadriceps femoris 
Rectus femoris 
Vastus intermedius 
Vastus lateralis 
Vastus medialis 

Sartorius 


Femoral artery 

Femoral vein 

Deep femoral artery 

Lateral circumflex femoral artery 


Femoral nerve 
Saphenous nerve 


Medial eompartment 


Pectineus 
Adductor brevis 
Adductor longus 
Adductor magnus 
Graeilis 

Obturator externus 


Obturator artery 
Obturator vein 
Deep femoral artery 
Deep femoral vein 


Obturator nerve 


Posterior eompartment 


Bieeps femoris 

Semimembranosus 

Semitendinosus 


Deep femoral artery 
Deep femoral vein 


Seiatie nerve 


LEG 


Anterior eompartment 


Extensor digitorum longus 
Extensor hallucis longus 
Fibularis tertius 
Tibialis anterior 


Anterior tibial artery 
Anterior tibial vein 


Deep fibular nerve 


Lateral eompartment 


Fibularis brevis 
Fibularis longus 


Superfieial fibular nerve 


Posterior eompartment 


Superficial 


Deep 


Gastrocnemius 

Plantaris 

Soleus 


Flexor digitorum longus 
Flexor hallucis longus 
Popliteus 
Tibialis posterior 


Posterior tibial artery 
Fibular artery 
Fibular vein 
Posterior tibial vein 


Tibial nerve 


Study Outline 


lntroduction p. 283 

■ The appendieiilar musculature stabilizes the peetoral and pelvie 
girdles and moves the upper and lovver limbs. 

11.1 Faetors Affeeting Appendieiilar Musde 

Function p. 283 

■ A muscle of the appendicular skeleton may eross one or more joints 
betvveen its origin and insertion. The position of the muscle as it 
erosses a joint helps determine the aetion of that rrmsele. 

fSee Spotlight Figure 11.2.) 

m The primary aetion of a rrmsele vvhose insertion is elose to a joint is 
to produce movement, vvhereas a rrmsele vvhose insertion is farther 
from a joint helps stabilize that joint. 

11.2 Muscles of the Peetoral Girdle and Upper 

Limb p.286 

■ Four groups of muscles are assoeiated vvith the peetoral girdle and 
upper limb: (1) muscles that position the peetoral girdle, (2) nrmseles 


that move the arm f (3) rrmseles that move the forearm and hand f 
and (4) nrmseles that move the hand and fingers. 

Musdes That Position the Peetoral Girdle p. 286 

■ The trapezius eovers the baek and parts of the neek to the base 
of the skull. The trapezius affeets the position of the peetoral 
(shoulder) girdle f head f and neek. fSee Figures 11.3-11.6, 12.2, 12.3, 
and 12.10 and Table 11.1.) 

m Deep to the trapezius f the rhomboid adduct the scapula f and the 
levator scapulae elevates the scapula. Both insert on the scapula. 
fSee Figures 11.3, 11.5, and 12.10 and Table 11.1.) 

m The serratus anterior, vvhieh abducts the scapula and svvings the 
shoulder anteriorly f originates along the anterior superior surfaces 
of several ribs. (See Figures 11.5 and 11.6 and Table 11.1.) 

m Tvvo deep ehest rrmseles arise along the anterior surfaces of the 
ribs. Both the subclavius and the peetoralis minor depress 
and protraet the shoulder. (See Figures 11.4, 11.6, and 12.10 
and Table 11.1.) 
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Miiseles That Move the Arm p. 288 

The deltoid and the supraspinatus produce abduction at the 
shoulder. The subscapularis and the teres major rotate the arm 
medially, whereas the infraspinatus and teres minor rotate the 
arm laterally. The supraspinatus # infraspinatus # subscapularis # and 
teres minor are known as the rotator cuff. The eoraeobraehialis 
flexes and adducts the shoulder. ("See Figures 11.3, 11.4, 11.7, 12.2, 
12.4, 12.5, and 12.10 and Table 11.2.) 

m The peetoralis major flexes the shoulder # and the latissimus 
dorsi extends it. Both rrmseles adduct and medially rotate the 
arm. (See Figures 11.3, 11.4, 11.7, 12.2a, 12.3b, 12.5, and 12.10 
and Table 11.2.) 

Musdes That Move the Forearm and Hand p. 292 

■ The primary aetions of the bieeps braehii and the trieeps 
braehii ( long head) affeet the elbow joint. The bieeps braehii 
flexes the elbow and supinates the forearm # and the trieeps 
braehii extends the elbow. Both have a seeondary effeet 

on the arm. fSee Figures 11.4-11.8, 11.10 12.4, and 12.5 and 
Table 11.3.) 

m The braehialis and braehioradialis flex the elbow. The anconeus 

and the trieeps braehii oppose this aetion. The flexor earpi 
ulnaris # the flexor earpi radialis, and the palmaris longus 

are superficial muscles of the forearm that eooperate to flex the 
wrist. Additionally # the flexor earpi ulnaris adducts the wrist # and 
the flexor earpi radialis abducts it. The extensor earpi radialis 
and extensor earpi ulnaris extend and abduct the wrist. The 
pronator teres and pronator quadratus pronate the forearm 
without flexion or extension at the elbow; their aetion is opposed 
by the supinator muscle. fSee Figures 11.8-11.10a, 12.4, and 12.5 
and Table 11.3.) 

Musdes That Move the Hand and Fingers p. 294 

■ Extrinsic nrmseles of the hand provide strength and gross motor 
eontrol of the fingers. intrinsie muscles provide fine motor eontrol 
of the fingers and hand. 

■ The extrinsic muscles of the hand flex and extend the finger joints. 
(See Figures 11.8-11.12, 12.4, and 12.5 and Table 11.4.) 

m Fine motor eontrol of the hand involves small intrinsie muscles of 
the hand. (See Figures 11.12 and 11.13 and Table 11.5.) 

11.3 Compartments and Seetional Anatomy of the 

Arm and Forearm p. 301 

■ The deep faseia of the upper limb separates the soft tissues 
into separate eompartments. The arm eonsists of an anterior 
eompartment and a posterior eompartment. The forearm eonsists 
of four eompartments: superficial anterior # deep anterior # lateral # 
and posterior. 

■ The relationships of the deeper muscles of the arm and forearm 
are best seen in seetional views. fSee Figures 11.14 and 11.15 and 
Table 11.6.) 

11.4 Musdes of the Pelvie Girdle and Lower 

Limb p. 303 

■ Three groups of rrmseles are assoeiated with the pelvis and lower 
limb: (1) rrmseles that move the thigh # (2) muscles that move the 
leg # and (3) muscles that move the foot and toes. 


Muscles That Move the Thigh p. 304 

Gluteal muscles eover the lateral surface of the ilium. The 
largest is the gluteus maximus which extends and laterally 
rotates the hip. It shares an insertion with the tensor faseiae 
latae which flexes # abducts # and medially rotates the hip. 
Together # these muscles pull on the iliotibial traet to laterally 
braee the knee. (See Spotlight Figure 11.2, Figures 11.16, 11.17, 
and 12.6c and Table 11.7.) 

m The piriformis and the obturator are the most dominant lateral 
rotators. 

■ The adductor group (adductor magnus # adductor brevis, 
adductor longus, pectineus # and graeilis) adductthe hip. 
Individually # they ean produce various other movements # such as 
medial or lateral rotation and flexion or extension at the hip. (See 
Figures 11.16, 11.17, 12.6a, and 12.7a and Table 11.7.) 

m The psoas major and the iliacus merge to form the iliopsoas, a 

powerful hipflexor. (See Figures 11.16d, 11.17 and Table 11.7.) 

Musdes That Move the Leg p. 306 

■ Extensor nrmseles of the knee lie along the anterior and lateral 
surfaces of the thigh; flexor muscles lie along the posterior and 
medial surfaces of the thigh. Flexors and adductors originate on 
the pelvie girdle # whereas most extensors originate on the femur. 

■ Collectively # the knee extensors are known as the quadriceps 
femoris. This group includes the vastus intermedius, vastus 
lateralis, vastus medialis, and rectus femoris. 

fSee Figures 11.18-11.21 and 12.7a,b and Table 11.8.) 

m The flexors of the knee include the bieeps femoris # 

semimembranosus, and semitendinosus (these "hamstrings" 
also extend the hip) # and the sartorius. The popliteus medially 
rotates the tibia (or laterally rotates the ferrmr) to unlock the knee 
joint. (See Figures 11.18-11.21 and 12.7a,b and 
Table 11.8.) 

Musdes That Move the Foot and Toes p. 309 

■ Extrinsic rrmseles move the foot and toes. 

■ The gastrocnemius and soleus produce plantar flexion. The large 
tibialis anterior opposes the gastrocnemius and dorsiflexes the 
ankle. The fibularis produces eversion as well as plantar flexion. 
fSee Figures 11.22 and 11.24 and Table 11.9.) 

m Smaller nrmseles of the leg position the foot and move the toes. 

■ Muscles originating on the tarsal and metatarsal bones provide 
preeise eontrol of the phalanqes. (See Fiqures 11.25 and 11.26 and 
Table 11.10.) 

11.5 Compartments and Seetional Anatomy 

of the Thigh and Leg p. 319 

■ ln addition to the functional approaeh used in this chapter # 
many anatomists study the muscles of the lower limb in groups 
determined by their position within eompartments. 

■ The thigh has anterior, medial, and posterior eompartments; 
the leg has an anterior, a lateral, and superficial and deep 
posterior eompartments. (See Figures 11.27 and 11.28 and 
Table 11.11.) 
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ehapter Revievv 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. rhomboid muscles. _ 

2. Iatissimus dorsi. 

3. infraspinatus. _ 

4. braehialis. _ 

5. supinator. _ 

6. flexor retinaculum. _ 

7. gluteal rrmseles. _ 

8. iliacus. _ 

9. gastrocnemius. _ 

10. tibialis anterior. _ 

11. interossei. . 

(a) abducts the toes 

(b) flexes hip and/or lumbar spine 

(e) adduct (retraet) scapula 

(d) eonneetive tissue bands 

(e) plantar flexion at ankle 

(f) originates on ilium 

(g) flexes elbow 

(h) dorsiflexes ankle and inverts foot 

(i) lateral rotation of humerus at shoulder 

(j) supinates forearm 

(k) extends 7 adducts 7 medially rotates 
humerus at shoulder 

12. The powerful extensors of the knee are the 

(a) hamstrings. 

(b) quadriceps. 

(e) iliopsoas. 

(d) tensor faseiae latae. 

13. Which of the following is not a muscle of 
the rotator cuff? 

(a) supraspinatus 

(b) subclavius 

(e) subscapularis 

(d) teres minor 

14. VVhieh of the following does not originate 
on the humerus? 

(a) anconeus 

(b) bieeps braehii 

(e) braehialis 

(d) trieeps braehii, lateral head 

15. VVhieh of the following muscles is a flexor of 
the elbow? 

(a) bieeps braehii 

(b) braehialis 

(e) braehioradialis 
(d) all of the above 


16. The rrmsele that causes opposition of the 
thumb is the 

(a) adductor pollieis. 

(b) extensor digitorum. 

(e) abductor pollieis. 

(d) opponens pollieis. 

Level 2 Revievving Concepts 

1. Damage to the peetoralis major would 
interfere with the ability to 

(a) extend the elbow. 

(b) abduct the humerus. 

(e) adduct the humerus. 

(d) elevate the scapula. 

2. VVhieh of the following muscles abducts the 
hip? 

(a) pectineus 

(b) psoas 

(e) obturator internus 

(d) piriformis 

3. The tibialis anterior is a dorsiflexor of the 
foot. VVhieh of the following muscles is an 
antagonist to that aetion? 

(a) flexor digitorum longus 

(b) gastrocnemius 

(e) flexor hallucis longus 

(d) all of the above 

4. If you bruised your gluteus maximus # 

you would expect to experience diseomfort 
when 

(a) flexing the knee. 

(b) extending the hip. 

(e) abducting the hip. 

(d) doing all of the above. 

5. The bieeps braehii exerts aetions upon three 
joints. VVhat are these joints and what are 
the aetions? 

6. VVhat rrmsele supports the knee laterally 
and beeomes greatly enlarged in ballet 
daneers because of the need for flexion and 
abduction at the hip? 

7. VVhen a daneer is stretehing the muscles 
of a leg by plaeing the heel over a barre 
(horizontal bar at waist level), which groups 
of rrmseles are stretehed? 

8. VVhat is the function of the intrinsie muscles 
of the hand? 


9. How does the tensor faseiae latae aet 
synergistieally with the gluteus maximus? 

10. VVhat are the main functions of the flexor 
and extensor retinacula of the wrist and 
ankle? 

Level 3 Critical Thinking 

1. Deseribe how the hand rrmseles function to 
enable you to hold a peneil when you write. 

2. VVhile playing soeeer, Jerry pulls his 
hamstrings. As a result of the injury 7 he has 
difficuIty flexing and medially rotating his 
thigh. VVhieh muscle(s) of the hamstring 
group did he probably injure? 

3. VVhile unloading the trunk of her ear, Linda 
pulls a muscle and # as a result 7 has difficulty 
moving her arm. The doetor in the emergeney 
room tells her that she pulled her peetoralis 
major. Linda tells you that she thought the 
peetoralis major was a ehest rrmsele and 
doesn't understand what that has to do with 
her arm. VVhat should you tell her? 


MasteringA&P’ 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 



Praetiee Anatomy Lab (PAL) PAL 



A&P Flix for anatomy 
topies 
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CLINICAL CASE 


WRAP-UP 


Hamstmng 


David sustained a eomplete avulsion (tearing away) of his 
hamstring tendons from their origin on the isehial tuberosity. When 
the tendons were foreibly detaehed or ripped from the isehial 
tuberosity, the muscle bellies eontraeted to about 70 pereent of 
their resting length. With no proximal attaehment, they remained 
eontraeted. 

In surgery 7 David is plaeed prone on the operating table. The 
surgeon makes a "7"-shaped ineision erossing the gluteal fold and 
extending down the posterior right thigh. Because it is difficuIt to get 
tendons to grow baek to bone after they have torn away from their 
attaehment, the surgeon must prepare the isehial tuberosity. This is 
done by seraping away the relatively avascular eortieal bone down to 
the bleeding, cancellous bone. This roughening encourages attaehment 
of the tendon to the healing bone. The surgeon pulls the tendon 
mass of the long head of the bieeps femoris, semitendinosus, and 
semimembranosus proximally to the isehial tuberosity while David's 
knee is flexed. The surgeon attaehes the tendons with bone-anehoring 
sutures. 

Postoperatively, David is plaeed in a knee flexion sling (a deviee 
that keeps the knee flexed) that he wi11 wear for 10 weeks. 

1. What other muscles, in addition to the hamstrings, assist in flexing 
the knee? 




2. Why does flexing the knee bring the avulsed hamstring tendons 
baek up to the isehial tuberosity? 

See the blue Ansvvers tab at the baek of the book. 



Related dinieal Terms 


contracture: Muscle shortening due to 
prolonged muscle eontraetions. 

cubital tunnel syndrome: lllnar nerve 

entrapment occurs when the ulnar nerve in 
the arm beeomes eompressed or irritated. 


disuse atrophy: Muscle wasting caused by 
immobilization, such as easting or being 
bedridden. 

myoglobinuria: Excretion of myoglobin in the 
urine, caused by muscle trauma or muscle 
isehemia ("blood starvation"). 


myositis: Muscle inflammation. 

myotonia: Delayed muscle relaxation after a 
strong eontraetion, due to abnormality of 
the rrmsele membrane, speeifieally the ion 
ehannels. 
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CLINICAL CASE 



12.2 


Visualize and understand the three- 
dimensional relationships of anatomieal 
structures within the head, thorax, abdomen, 
and pelvis. 



Breathing Through Your Neek 

Katie, a first-year surgical intern, is vvalking into the eafeteria vvhen she 
notiees a eommotion. A young vvoman is lying unconscious on the floor, 
looking eyanotie (bluish skin and mucous membranes from laek of oxygen). 
"She started ehoking and couldn't breathe or talk! I tried the Heimlieh 
maneuver (firm abdominal thrusts to dislodge an airvvay obstroetion), but it 
didn't vvork," says a man leaning over her. 

Katie's initial assessment tells her that the vvoman is unresponsive and not 
breathing. Death is near—unless Katie ean bypass the airvvay obstruction and 
get some air into her lungs. "eall 911!" she shouts as she grabs a elean steak 
knife and stravv from the elosest table. 

"Thank goodness for my knovvledge of surface anatomy," Katie thinks 
as she feels for the vvoman's thyroid eartilage or "Adam's apple. Sliding her 
finger dovvn the midline, she feels a small spaee and then the erieoid eartilage. 
This spaee betvveen the thyroid eartilage and erieoid eartilage is the median 
erieothyroid ligament. Spotting a mug of steaming tea on the table, Katie 
dunks the steak knife to elean it and prepares to make an ineision. 

Can Katie save this woman's life? To find out f turn to the dinieal Case 
Wrap-Up on p. 337. 

























THIS CHAPTER eonsiders anatomy from two perspeetives. Seetion 12.1 focuses 
on anatomieal structures that we ean identify from the body surface, and 
Seetion 12.2 views anatomieal structures in eross seetion. Our detailed examina- 
tion of anatomy in this ehapter demonstrates the structural and functional rela- 
tionships between the skeletal and muscular systems. The photographs give a visual 
tour of the entire body, highlighting skeletal landmarks and muscle contours. 

12.1 Surface Anatomy: A Regional 

Approaeh 

► KEY POINT We ean loeate many structures from their surface features and 
appearanee—for example, superficial skeletal and muscular structures, tendons, 
ligaments, and veins. We ean also use surface features to loeate deeper anatom- 
à ieal structures. 


Surface anatomy is the study of anatomieal landmarks on the exterior of the 
human body. Chapter 1 introduced surface anatomy. tD p. 2 

We study surface anatomy using an approaeh based on anatomie regions 
of the body: head and neek; thorax; abdomen; shoulder and arm; arm, forearm, 
and wrist; pelvis and thigh; and leg and foot. 

We present this information using photographs of living people. As you 
ean see, we used living models with very little body fat, sinee subcutaneous fat 
hides many anatomieal landmarks. Loeating surface landmarks involves esti- 
mating their loeation and then palpating for speeifie structures. 


r 


Head and Neek 

Figure 12.1 The Head and Neek 


Supra-orbital 


Auricle 
of external ear 


Mental protuberance 


Trapezius 


eiaviele 


Suprasternal 

noteh 


Sternum 

(manubrium) 


Zygomatie bone 



Body of mandible 


Thyroid eartilage 


Cricoid eartilage 


Sternoeleidomastoid 
(clavicular head) 

Sternoeleidomastoid 
(sternal head) 



Anterior view 
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Figure 12.1 ( continued) 


Parietal region 


Temporal region 


Zygomatie areh 


Angle of mandible 


ANTERIOR OERVIOAL 

TRIANGLE 

External jugular vein 


Olaviele 



Oeeipital region 


Mastoid proeess 




Nuchal region 
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Sternoeleidomastoid 



POSTERIOR OERVIOAL TRIANGLE 


Loeation of braehial plexus 
Aeromion 


b 


The posterior eervieal triangle and the 
larger regions of the head and neek 


KEY TO DIVISIONS OF THE 
ANTERIOR OERVIOAL TRIANGLE 


Suprahyoid triangle 



SMT Submandibular triangle 



Superior earotid triangle 



Inferior earotid triangle 


Angle of mandible 


Site for palpation of 
submandibular gland and 
submandibular lymph nodes 


Hyoid bone 

Thyroid eartilage 

Trapezius 
Supraclavicular fossa 

Omohyoid 


ANTERIOR OERVIOAL 


RIANGLE 



Jugular noteh 



Mastoid proeess 


Sternoeleidomastoid region 


External jugular vein 
beneath platysma 

Site for palpation of 
earotid pulse 


POSTERIOR OERVIOAL TRIANGLE 


Loeation of braehial plexus 


Aeromion 

Olaviele 


Sternoeleidomastoid 
(clavicular head [lateral] and 
sternal head [medial]) 



The subdivisions of the anterior eervieal triangle 
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Thorax 


Figure 12.2 The Thorax 
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CLINICAL NOTE 


Deltoid 


Peetoralis major 


Areola and nipple 


Bieeps braehii 


Linea alba 


Cubital fossa 
Umbilicus 



The anterior thorax 


Bieeps braehii 


Vertebra 
prominens (C 7 ) 


Trapezius 



Teres major 


Latissimus 


b 


The baek and shoulder regions 
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Heart Sounds 


The red dots indieate the best loeations 
for hearing the sounds made by the heart 
valves. 



Aortie Pulmonary Right AV Left AV 


valve 


valve 


valve 


valve 


Trieeps braehii, 
lateral head 

Trieeps braehii, 
long head 

Deltoid 



CLINICAL NOTE 


Lumbar Puncture 

To perform a lumbar puncture (also ealled a 
spinal tap") # a health professional inserts a 
hollovv needle into the intervertebral spaees 
betvveen the L 3 and L 4 vertebrae or the L 4 and L 5 
vertebrae to vvithdravv a sample of eerebrospina 
fluid for testing. These areas are vvhere the 
intervertebral spaees are largest. 



Lumbar puncture sites 
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Abdomen 

Figure 12.3 The Abdominal Wall 
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The anterior abdominal wall 


Serratus anterior 


Latissimus dorsi 


Costal margin 
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Rectus abdominis 


Linea alba 
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Anterior superior iliae spine 



Anterolateral view of the abdominal wall 
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Shoiilder and Arm 

Figure 12.4 The Shoulder and Arm 
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Lateral view of right upper limb 


Head of ulna 
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Posterior view of the thorax and right upper limb 
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Arm, Forearm, and Wrist 

Figure 12.5 The Arm, Forearm, and Wrist 
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Head of ulna 
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CLINICAL NOTE 


Venipuncture 


The median cubital vein is the most 
eommon site for obtaining a venous blood 
sample for testing. This vein is ehosen because it 
lies elose to the surface, it is easily aeeessed, and 
there are not many nerves. 


Common 



venipuncture 


Tendon of flexor earpi 
radialis 


Site for palpation 



of radial pulse 
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Pelvis and Thigh 


Figure 12.6 The Pelvis and Thigh. The inguinal ligament # medial border 
of the sartorius and border of the adductor longus form the boundaries 
of the femoral triangle. 
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Tensor faseiae 



CLINICAL NOTE 


Femoral Artery 


The femoral artery is an important site for loeating a 

pulse or inserting a eatheter for a variety of medieal procedures 
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Leg and Foot 

Figure 12.7 The Leg and Foot 
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Right ankle and foot, anterior view 
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12.2 Cross-Sectional Anatomy 

► KEY POINT Today's anatomy students must visualize and understand the 
three-dimensional relationships of anatomieal structures in a wide variety of 
eross-seetional formats. 

We define the eross-seetional plane (also termed the transverse or horizontal 
plane ) as a plane oriented perpendicular to the longitudinal axis of the part of 
the body being studied. In eross-seetional anatomy, the body is divided into 
superior and inferior seetions by the eross-seetional plane. t) p. 18 

The techniques used to view anatomieal structures have ehanged dramati- 
eally within the last 10-20 years. Visualizing the human body in eross seetion is 
an intriguing and ehallenging way to study. We ean use a variety of methods to 
view the body in eross seetion. t) pp. 20-21 


Cross Seetion at the Level of the Optie ehiasm 

Figure 12.8 Cross Seetion of the Head at the Level of the Optie Chiasm 


The eross-seetional images in Seetion 12.2 eome from the National Library 
of Medieine’s The Visible Human Projeet.* As you view them, remember these 
points: 

■ The eross seetions in this ehapter are all inferior-view images, so they are 
viewed as if you are standing at the individuaTs feet and looking toward 
the head. 

■ The anterior surface is at the top of the image, and the posterior surface is 
at the bottom. 

■ In this method of presentation, structures on the right side of the body 
appear on the left side of the image. 
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*To learn more about The Visible Human Projeet, go to http://www.nlm 
.nih.gov/research/visible/visible_human.html. 
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Cross Seetion at the Level of Vertebra C 2 

Figure 12.9 Cross Seetion of the Head at the Level of Vertebra C 2 
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Cross Seetion at the Level of Vertebra T 

Figure 12.10 Cross Seetion at the Level of Vertebra T 2 
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Cross Seetion at the Level of Vertebra T 8 

Figure 12.11 Cross Seetion at the Level of Vertebra T 8 


Right lung, middle lobe 
Oblique fissure of right lung 



Right AV (tricuspid) valve 


Right atrium 


ANTERIOR 


Body of sternum 


lnterventricular septum 


Esophagus 


Right lung 


Spinal eord 


Spinous proeess of T 8 



Peetoralis major 


Rib 4 

Right ventriele 

Left lung, superior lobe 
Left ventriele 

Oblique fissure of left lung 


Left lung, inferior lobe 
Thoraeie aorta 


Ribs 7 and 8 
Latissimus dorsi 


POSTERIOR 


Trapezius 


Cross Seetion at the Level of Vertebra T 10 

Figure 12.12 Cross Seetion at the Level of Vertebra T 10 
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Cross Seetion at the Level of Vertebra T 


12 


ANTERIOR 


Figure 12.13 Cross Seetion at the Level of Vertebra T 12 
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ANTERIOR 


Figure 12.14 Cross Seetion at the Level of Vertebra L 5 
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eLlNIeAL CASE | WRAP-UP 

L___I_ J 


POSTERIOR 


Breathing Through Your Neek 

If this were an eleetive procedure with anesthesia 
and sterile eonditions, Katie would make the ineision 
in the woman's traehea in a slightly different plaee— 
lower and eloser to the sternal noteh, in a more 
eonvenient loeation for the patient. This procedure is 
a traeheostomy, or surgical opening into the traehea. 

However, this is a life-threatening emergeney. By 
palpating the patient's anterior neek, Katie finds the 
exact loeations of the thyroid eartilage and erieoid 
eartilage, allowing her to loeate the median erieothyroid 
ligament. In erisis situations, this soft ligamentous spaee, 
surrounded by a "eartilage eage," is the safest plaee to make a "blind 
ineision in the airway. This procedure is ealled a erieothyroidotomy, or 




erieothyrotomy. There are few blood vessels and nerves that 
eross this spaee, and it is safely superior to thyroid gland. 

Using the steak knife, Katie makes a one-ineh horizontal 
ineision direetly over the erieothyroid membrane. Katie 
inserts her index finger into the wound and feels the 
"soft spot" direetly below her fingertip. She then makes a 
horizontal ineision into the traehea and inserts the straw 
about two inehes. Immediately, the unconscious woman 
takes a gasping breath, desperately sucking in air through 
the straw. Katie has saved a life today. 

1. In which eervieal triangle of the neek is a traeheostomy 
performed? 

2. VVhere is the best plaee to praetiee feeling the median 
erieothyroid ligament? 

See the blue Ansvvers tab at the baek of the book. 
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Learning Oiiteomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 




13.3 


13.4 



13.5 


13.6 



13.7 





13.8 



13.9 


Diseiiss the anatomieal organization and 
general function of the nervous system. p. 339 

List the two eell types that are found within 
the nervous system and discuss their 
functions. p. 340 

Discuss the functions of eaeh type of 
neuroglia. p. 342 

Deseribe the structure of a typieal neuron 
and discuss the basis for the structural and 
functional elassifieation of neurons. p. 348 

Deseribe the proeess of peripheral nerve 
regeneration after injury to an axon. p. 350 

Analyze the faetors that determine the speed 
of nerve impulse conduction. p. 350 

Deseribe the mieroanatomy of a synapse 
and summarize the events that occur during 
synaptie transmission. p. 351 

Explain the possible methods of interaetion 
between individual neurons or groups of 
neurons in neuronal pools. p. 353 

Explain the basie anatomieal organization of 
the nervous system. p. 354 




* / 






CLl N ICAL 


When Nerves Beeome Demyelinated 

Nieole awakens early to get to the ski slopes before they get crowded. As 
she puts her feet on the floor, she feels an unusual tingling and numbness 
in her toes. But she hasn't been snowboarding in 2 weeks due to an upper 
respiratory infeetion (eold), so she deeides a little numbness in her feet isn A t 
going to stop her now. 

By the time Nieole arrives at the ski lifts, the numbness in her feet has 
elimbed to above her ankles. As she puts on her boots, her fingertips start to 
tingle and feel numb. As she reaehes the top of the moontain, her ankles feel 
weak # causing her to fall when dismounting the ski lift ehair. Still determined, 
she makes her way down the slope. At the bottom, she admits that her knees 
are too weak to continue snowboarding. She has never experienced anything 
ike this # and she's terrified. 

What is causing Nieole's aseending numbness and weakness? To find out f 
turn to the dinieal Case Wrap-Up on p. 359. 
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ALTHOUGH OUR NERVOUS SYSTEM is often eompared to a computer, it is 
more eomplieated and versatile. Both depend on eleetrieal aetivity for the rapid 
flow of information and proeessing. However, unlike a computer, portions of 
the brain rework their eleetrieal eonneetions as new information arrives and 
learning occurs. 

Along with the endoerine system (discussed in ehapter 19), the nervous sys- 
tem eontrols and adjusts the aetivities of other systems. Both the nervous system 
and endoerine system require ehemieal communication with target tissues and 
organs, and they often work together. The nervous system provides swift but brief 
responses to stimuli by temporarily ehanging the aetivities of other organ systems. 
The response appears in a few milliseeonds—but the effeets disappear almost as 
quickly. In eontrast, endoerine system responses develop much more slowly than 
nervous system responses, but they last much longer—hours, days, or years. 

This ehapter eonsiders the structure and function of nervous tissue. 
Subsequent ehapters build on this foundation as we explore the organization 
of the brain, spinal eord, higher-order functions, and our senses of sight, smell, 
hearing, balanee, touch, and pain. 

13.1 An Overview of the Nervoiis 

System 

► KEY POINT The nervous system is subdivided into the eentral nervous system 
(CNS) and peripheral nervous system (PNS). The CNS is eomposed of the brain 
and spinal eord. The PNS has afferent and efferent divisions. The afferent division 
eonsists of somatie and viseeral sensory nerves. The efferent division eonsists of 
the somatie and autonomic nervous systems; the autonomic nervous system eon- 
sists of the parasympathetie and sympathetie divisions. 

The nervous system eonsists of all the nervous tissue in the body. The 
nervous system has two main anatomieal subdivisions: eentral and peripheral 

(Figure 13.1). 

The eentral nervous system (CNS) is eomposed of the brain and spinal 
eord. The CNS proeesses and eoordinates sensory input and motor output. It is 
also the loeation of higher functions, including intelligenee, memory, learning, 
and emotion. Early in development, the CNS begins as a mass of nervous tis- 
sue organized into a hollow tube. As development continues, the tube’s eentral 
eavity deereases in size, and the thiekness of the tube’s walls and the diameter 
of the enelosed spaee varies from one region to another. The narrow eentral 
eavity of the developing spinal eord is ealled the eentral eanal; the expanded 
ehambers of the brain, ealled ventrieles, are continuous with the eentral eanal. 
A elear, watery fluid, ealled eerebrospinal fluid (CSF), fills the eentral eanal and 
ventrieles and surrounds the CNS. 

The peripheral nervous system (PNS) eonsists of all the peripheral 
nerves and nervous tissue outside the CNS. The PNS provides sensory informa- 
tion to the CNS and earries motor eommands from the CNS to peripheral tissues 
and systems. The PNS has two divisions, afferent and efferent gure 13.2 . 
The afferent division of the PNS earries sensory information to the CNS. The 
afferent division begins at reeeptors that monitor speeifie eharaeteristies of the 
environment. There are many forms of reeeptors. A reeeptor may be a sensory 
proeess, a speeialized eell or cluster of eells, or a complex sense organ (such as 
the eye). The stimulation of a reeeptor earries information to the CNS. The affer- 
ent division also delivers information provided by speeial sense organs, such as 
the eye and ear. The efferent division of the PNS earries motor eommands 
from the CNS to muscles and glands. The efferent division begins inside the CNS 
and ends at an effeetor: a muscle eell, gland eell, or another eell speeialized to 
perform speeifie functions. 

Both divisions have somatie and viseeral eomponents. The afferent divi- 
sion earries information from somatie sensory reeeptors that monitor skeletal 
muscles, joints, and the skin and from viseeral sensory reeeptors that monitor 


other internal structures, such as smooth muscle, eardiae muscle, glands, and 
respiratory and digestive organs. The efferent division eonsists of the somatie 
nervous system (SNS), which eontrols skeletal muscle eontraetions, and the 
autonomic nervous system (ANS), or viseeral motor system, which regulates 
smooth muscle, eardiae muscle, and glandular aetivity. 

The aetivities of the somatie nervous system may be voluntary or involun- 
tary. Voluntary eontraetions of our skeletal muscles are under conscious eon- 
trol; you exert voluntary eontrol over your arm muscles as you raise a glass of 


Figure 13.1 The Nervoiis System. The nervous system eonsists of all the 
nervous tissue in the body. 
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Figure 13.2 A Fimetional Overview of the Nervous System. This diagram shows the relationship 
between the CNS and PNS and the fiinetions and eomponents of the afferent and efferent divisions. 
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water to your lips. Involuntary eontraetions are not under conscious eontrol; if 
you aeeidentally plaee your hand on a hot stove, you will withdraw it immedi- 
ately, even before you notiee the pain. The aetivities of the autonomic nervous 
system are usually outside our awareness or eontrol, such as heartbeat, digestive 
proeesses, and our instinetive response to threatening situations. 

Figure 13.3 summarizes the most important eoneepts and terms intro- 
duced in this ehapter. Our discussion of the nervous system begins at the cellu- 
lar level, with the histology of nervous tissue. 

13.1 CONCEPT CHECK 

1 What are the two subdivisions of the nervous system? 

2 What are the two subdivisions of the efferent 
division of the peripheral nervous system? 

5ee the blue Ansvvers tab at the baek of the book. 


The structure of a neuron ( neuro , nerve) was introduced in Ohapter 3. 
tD p. 76 A “typiear’ neuron has a eell body, or soma gure 13.4). The 
region around the nucleus is the perikaryon (per-i-KAR-è-on; karyon, 
nucleus). The eell body typieally has several branehing dendrites (sensory 
proeesses). In the CNS, dendrites are highly branehed. Eaeh braneh has 
fine proeesses ealled dendritie spines that reeeive information from other 
neurons. Dendritie spines often eomprise 80-90 pereent of the neuron’s 
total surface area. 

The eell body is attaehed to an elongated axon, or nerve fiber, that ends at 
one or more axon terminals. The neuron communicates with another eell at 
these axon terminals. 

Nervous tissue eontains approximately 100 billion neuroglia 
(nu-RÒG-lé-a; glia, glue), also termed glial eells —approximately five times the 
number of neurons. Neuroglia are smaller than neurons, and, unlike neurons, 
they retain the ability to divide. 



13.2 Cellular Organization in Nervous 

Tissue 

► KEY POINT The nervous system eontains only two types of eells: neurons and 
neuroglia. Neurons transfer and proeess information. Neuroglia isolate the neu- 
rons, provide a supporting framework, help maintain the intercellular environ- 
ment, and aet as phagoeytes. 



CONCEPT CHECK 

3 What are the two distinet eell types found within 
nervous tissue? 

4 Which of the two eell types found within nervous 
tissue has retained the ability to divide? 


See the blue Ansvvers tab at the baek of the book. 
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Figure 13.3 An Introdiietion to Nervous System Terminology 


MAJOR ANATOMIOAL AND FIINOTIONAL DIVISIONS GROSS ANATOMY 



Oentral Nervous System (CNS) 

The brain and spinal eord have eontrol 
eenters that proeess and integrate 
sensory information, plan and 
eoordinate responses to stimuli, and 
eontrol aetivities of other systems. 


Peripheral Nervous System (PNS) 

Efferent and afferent nervous tissue 


that links the CNS with sense organs 
and other systems 


Autonomic Nervous System (ANS) 

Oomponents of the CNS and PNS 
that eontrol viseeral functions 



Neural cortex 

A layer of gray matter on the surface of the brain 

Center 

A group of neuron eell bodies in the CNS sharing 
a eommon function 

Nucleus 

A CNS eenter with distinet anatomieal 
boundaries 

Traet 

A bundle of axons within the CNS sharing a 
eommon origin, destination, and function 

Column 

A group of traets found within a speeifie region of 
the spinal eord 

Ganglion 

An anatomieally distinet eolleetion of sensory or 
motor neuron eell bodies within the PNS 

Nerve 


A bundle of axons in the PNS 


HISTOLOGY 


Neuron 


The basie functional unit of the 
nervous system; a highly speeialized 
eell; a nerve eell 

Sensory neuron 

A neuron whose axon earries 
sensory information from the 
PNS toward the CNS 

Motor neuron 

A neuron whose axon earries motor 
eommands from the CNS toward 
effeetors 


Neuroglia- 

Supporting eells that interaet with 
neurons to regulate the extracellular 
environment, defend against pathogens, 
and repair nevous tissue 



Gray matter 

Nervous tissue 
dominated by 
neuron eell 
bodies 


White matter 

Nervous tissue 
dominated by 
myelinated 
axons 



Dendrites 

Neuronal proeesses that are speeialized to 
respond to speeifie stimuli in the 
extracellular environment 

Cell body 

The eell body of a neuron 


Myelin 

A membranous wrapping, produced by 
neuroglia, that eoats axons and inereases 
the speed of aetion potential propagation; 
axons eoated with myelin are myelinated 


Axon 

A long, slender eytoplasmie proeess of a 
neuron; axons conduct nerve impulses 
(aetion potentials) 


FUNCTIONAL CATEGORIES 


Reeeptors 

A speeialized eell, dendrite, 
or organ that responds to 
speeifie stimuli in the extra- 
cellular environment and 
whose stimulation alters the 
level of aetivity in a sensory 
neuron 



Effeetors 

A muscle, gland, or other 
speeialized eell or organ 
that responds to neural 
stimulation by altering its 
aetivity and producing a 
speeifie effeet 



Reflexes 

A rapid, stereotyped 
response (always 
the same) to a 
speeifie stimulus 



Other Functional Terminology 

Somatie: Pertaining to the eontrol of skeletal muscle aetivity (somatie 
motor) or sensory information from skeletal muscles, tendons, and joints 
(somatie sensory) 

Viseeral: Pertaining to the innervation of viseeral organs, such as digestion, 
circulation, ete. (viseeral motor) or sensory information from viseeral organs 
(viseeral sensory) 

Voliintary: Under direet conscious eontrol 

Involiintary: Not under direet conscious eontrol 

Subconscious: Relating to eenters in the brain that operate outside a 
person’s conscious awareness 

Aetion Potential: Sudden, transient ehanges in the membrane potential 
that are propagated along the surface of an axon or sareolemma 
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Figure 13.4 A Revievv of Neuron Structure. The relationship of the four parts of a neuron (dendrites, 
eell body, axon # and axon terminals); the functional aetivities of eaeh part and the normal direetion of 
aetion potential conduction are shovvn. 
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Stimulated by environmental 
ehanges or the aetivities of 
other eells 


Cell body 

Oontains the nucleus, 
mitoehondria, ribosomes, and 
other organelles and inclusions 
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Conducts nerve impulse (aetion 
potential) tovvard axon terminals 


Axon terminals 


Affeet another neuron or 
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gland) 
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13.3 Neuroglia 

► KEY POINT The four types of neuroglia in the CNS are astroeytes, oligoden- 
droeytes, mieroglia, and ependymal eells. The two types of neuroglia in the PNS 
are satellite eells and Schwann eells. 

The greatest variety of neuroglia is found within the eentral nervous system. 
Figure 13.5 eompares the functions of the major types of neuroglia in the 
CNS and PNS. 

Neuroglia of the CNS 

► KEY POINT Neurogl ia of the CNS surround CNS neurons and hold them in 
plaee, isolate neurons from eaeh other, supply oxygen and nutrients to neurons, 
destroy pathogens, and remove dead or damaged neurons. 

There are four types of neuroglia within the eentral nervous system: astroeytes, 
oligodendroeytes, mieroglia, and ependymal eells. These eell types are distin- 
guished by size, intracellular organization, the presenee of speeifie eytoplasmie 
proeesses, and staining properties Figures 13.í to 3.1 . 

Astroeytes 

The largest and most numerous neuroglia are the astroeytes (AS-trò-sIts; 
astro-, star, + -eyte, eell) ures 13.5 and 3.6). Astroeytes’ functions, 
although still poorly understood, are varied: 

■ Control the interstitial environment. Astroeytes have a large number of 
eytoplasmie proeesses, termed pedieels (or feet). These proeesses inerease 
their surface area, thus aiding the uptake of ions, neurotransmitters, or 
metabolie by-products accumulating around the neurons, which enables 
them to eontrol the ehemieal eontent of the interstitial spaee. The eyto- 
plasmie proeesses also eontaet the surfaces of adjaeent neurons, often 


enelosing the entire neuron and isolating it from ehanges in the ehemieal 
eomposition of the interstitial spaee. 

■ Maintain the blood brain barrier. Nervous tissue is physieally and bio- 
ehemieally isolated from the general circulation of the body because 
hormones or other ehemieals in the blood could disrnpt neuron function. 
The endothelial eells lining the eapillaries within the eentral nervous 
system are quite impermeable and therefore eontrol the ehemieal exchange 
between blood and interstitial fluid. Astroeytes’ eytoplasmie proeesses eon- 
taet and eover most of the surface of the eapillaries within the CNS. This 
eytoplasmie blanket around the eapillaries is intermpted only where other 
neuroglia eontaet the eapillary walls. Chemicals seereted by astroeytes 
maintain the blood brain barrier (BBB) that isolates the CNS from the 
general circulation. (We discuss the blood brain barrier in ehapter 16.) 

■ Form a three-dimensional framework for the CNS. Astroeytes are paeked 
with mierofilaments that extend aeross the eell, providing meehanieal 
strength and forming a structural framework that supports the neurons of 
the brain and spinal eord. 

■ Repair damaged nervous tissue. Astroeytes make structural repairs, stabiliz- 
ing the tissue and preventing further injury by producing sear tissue at the 
injury site. 

■ Guide neuron development. In the embryonie brain, astroeytes appear to 
be involved in direeting the growth and intereonneetion of developing 
neurons through the seeretion of ehemieals known as neurotropic faetors. 

Oligodendroeytes 

A seeond type of neuroglia within the CNS is the oligodendroeyte 
(òl-i-gò-DEN-drò-sIt; oligo-, few). Like astroeytes, these eells possess slen- 
der eytoplasmie extensions. However, oligodendroeytes have smaller eell bod- 
ies and fewer and shorter eytoplasmie proeesses gures 13.E and 3.6’. 
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Figure 13.5 The Oassifieation of Neiiroglia. This flowchart summarizes the eategories and 
functions of the various types of neuroglia. 
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Oligodendroeyte proeesses eontaet the axons or eell bodies of neurons and tie 
clusters of axons together, improving the performanee of neurons by wrapping 
axons in myelin, a material with insulating properties. 

Oligodendroeytes eooperate in forming the myelin sheath along the entire 
length of a myelinated axon within the CNS ( gure 13.6 and Spotlight 
Figure 13.9). The large areas wrapped in myelin are ealled internodes ( inter -, 
between). Small gaps between the myelin sheaths produced by adjaeent oligo- 
dendroeytes are ealled myelin sheath gaps, or nodes of Ranvier (rahn-vé-À). 
Any region of the CNS dominated by myelinated axons is ealled white matter, 
and any region dominated by neuron eell bodies, dendrites, and unmyelinated 
axons is ealled gray matter. 

Mieroglia 

The smallest neuroglia possess slender eytoplasmie proeesses with many fine 
branehes igures 13.ì and 1.6 . These eells, ealled mieroglia (ml-KRÓ-glè-a), 
appear early in development through the division of mesodermal stem eells. The 
stem eells producing mieroglia originate in the bone marrow and are related to 
stem eells that produce tissue maerophages and monoeytes of the blood. Mieroglia 
migrate into the CNS as it forms and remain within the nervous tissue, aeting as 
a roving security foree. They are the phagoeytie eells of the CNS, engulfing cellular 
debris and wastes. Mieroglia also proteet the CNS by phagoeytosing vimses, miero- 
organisms, and trnnor eells. Only 5 pereent of the CNS neuroglia are mieroglia, but 
when the CNS is infeeted or injured, this pereentage inereases dramatieally. 

Ependymal Cells 

A cellular layer ealled the ependyma (e-PEN-di-mah) lines the ventrieles of 
the brain and eentral eanal of the spinal eord gures 13.5 to 3.7 . These 
ehambers and passageways are filled with eerebrospinal fluid (CSF). This 


fluid also surrounds the brain and spinal eord, providing a proteetive cush- 
ion and transporting dissolved gases, nutrients, wastes, and other materials. 
(Chapter 16 discusses the eomposition, formation, and circulation of CSF.) 

Ependymal eells are cuboidal to columnar in form. Unlike typieal epithelial 
eells, ependymal eells have slender proeesses that braneh extensively and make 
direet eontaet with neuroglia in the surrounding nervous tissue ure 13.7a' . 
Ependymal eells may aet as reeeptors monitoring the eomposition of the CSF. 
In the adult, eilia and mierovilli are found on the apieal surface of the ependy- 
mal eells lining the spinal eord and the lateral and fourth ventrieles of the brain 
gure 13.7b]. Ependymal eells lining the third ventriele laek eilia. The eilia 
help the CSF circulate, and the mierovilli are involved in the absorption of CSF. 

Neuroglia of the PNS 

► KEY POINT Satellite eells and Schwann eells of the PNS have fiinetions similar 
to those of the astroeytes and oligodendroglia of the CNS. 

Neuron eell bodies in the PNS are clustered together in structures ealled ganglia 
(singular, ganglion). Axons are bundled together and wrapped in eonneetive tis- 
sue, forming peripheral nerves. The proeesses of neuroglia insulate all neuron 
eell bodies and axons in the PNS from their surroundings. The two neuroglia 
types involved are satellite eells and Schwann eells. 

Satellite Cells 

Satellite eells surround neuron eell bodies in peripheral ganglia gure 13.8’ . 
Satellite eells regulate the exchange of nutrients and waste products between 
the neuronal eell body and extracellular fluid. They also isolate the neuron 
from stimuli not intended to pass from neuron to neuron. 
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Figure 13.6 Histology of Nervous Tissue in the CNS. A diagrammatie view of nervous tissue in the 
spinal eord, showing relationships between neurons and neuroglia. 
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Schwann Cells 

Every peripheral axon, whether myelinated or unmyelinated, is eovered by 
Schwann eells, or neurolemmocytes. The plasma membrane of an axon is the 
axolemma ( lemma , husk). The eytoplasmie eovering provided by the Schwann 
eells is the neurolemma (nu-RÓ-LEM-a). Spotlight Figure 13.9 outlines 
the physieal relationships between Schwann eells and myelinated and unmy- 
elinated peripheral axons. 



CONCEPT CHECK 

5 Speeifieally, vvhat eells help maintain the blood brain 
barrier (BBB)? 

6 What is the name of the membranous eoating 
formed by oligodendroeytes around CNS axons ? 


See the blue Ansvvers tab at the baek of the book. 
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Figure 13.7 The Ependyma. The ependyma is a cellular layer that lines the ventrieles of the brain 
and the eentral eanal of the spinal eord. 
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Figure 13.8 Satellite Cells and Peripheral Neurons. Satellite eells surround neuron eell bodies 
in peripheral ganglia. 
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FIGIIRE 13.9 

SPOTLIGHT Myelination 


All peripheral nervous system axons are shielded from eontaet 
with interstitial fluids by neuroglia ealled Schwann eells. 
Schwann eells ensheath many axons in a layered phospholipid 
eovering known as myelin. An axon wrapped in myelin is said to 
be myelinated. Myelin improves the conduction speed of an 
aetion potential, or nerve impulse, along the axon. An individual 
Schwann eell produces myelin by wrapping itself around the 
axon as diagrammed below. 


I 


ln myelinating a peripheral axon, a Sehvvann The Sehvvann eell then rotates around 

eell first eneloses a segment of the axon the axon. 

vvithin a groove of its eytoplasm. 


As the Sehvvann eell rotates, the inner 
membranous layers are eompressed and the 
eytoplasm is foreed into more superficial 
layers. When eompleted, the myelin sheath 
eonsists only of the phospholipid bilayers of 
the plasma membrane, vvith the Sehvvann 
eell nucleus and eytoplasm at the surface. 
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13.4 Neurons 


of the peripheral nervous system are pseudounipolar, and their axons may 
be myelinated. 


► KEY POINT Neurons, the functional units of the nervous system, transmit in- 
formation from one part of the nervous system to another by eleetrieal impulses. 

The eell body of a representative neuron eontains a large, round nucleus with 
a prominent nucleolus. The eytoplasm of a neuron is the perikaryon. The 
eytoskeleton of the perikaryon eontains neurofilaments and neurotubules, 
which are similar to the intermediate filaments and microtubules of other types 
of eells. Bundles of neurofilaments, ealled neurofibrils, extend into the den- 
drites and axons, providing internal support. 

The perikaryon eontains organelles that provide energy and synthesize organie 
materials. The mitoehondria, free and fixed ribosomes, and membranes of the 
rough endoplasmie reticulum (RER) give the perikaryon a eoarse, grainy appear- 
anee. Mitoehondria generate ATP to meet the high energy demands of an aetive 
neuron; the ribosomes and RER synthesize proteins. Some areas of the perikaryon 
eontain clusters of free ribosomes and RER. These regions, which stain a dark eolor, 
are ealled Nissl bodies (or ehromatophilie substance), after the German neurologist 
Franz Nissl, who first deseribed them. Nissl bodies give a gray eolor to areas eon- 
taining neuronal eells bodies—the gray matter seen in gross disseetion of the brain 
or spinal eord Figure 13.10 . 

Most neurons laek a eentrosome. In other eells, the eentrioles of the eentro- 
some form the spindle fibers that move ehromosomes during eell division. Neu- 
rons lose their eentrosomes and eentrioles during differentiation and therefore are 
unable to undergo eell division. Nemons lost to injury or disease eannot be replaeed. 

An axon is a long eytoplasmie proeess eapable of propagating an aetion 
potential. In a multipolar neuron, a speeialized region, the axon hill- 
oek, eonneets the initial segment (base) of the axon to the eell body. The 
axoplasm (AK-sò-plazm), or eytoplasm of the axon, eontains neurofibrils, 
neurotubules, lysosomes, mitoehondria, numerous small vesieles, and various 
enzymes. An axon may braneh along its length, producing side branehes ealled 
eollaterals Figure 13.14b . The axon and eollaterals end in fine terminal 
extensions ealled telodendria (tel-ò-DEN-dré-a; telo-, end, + dendron, tree). 
The telodendria end in axon terminals, where the neuron eontaets another eell 
(Figure 13.10 . Organelles, nutrients, synthesized molecules, and wastes move 
between the eell body and the axon terminals by a proeess termed axoplasmic 
transport. This complex proeess eonsmnes energy and relies on the neurofibrils 
of the axon and its branehes. 

Neuron eiassifieation 

► KEY POINT Neurons are elassified into four structural groups based on the 
number of proeesses that extend from the eell body and into three functional 
groups based on their roles in the CNS and PNS. 

Stmetiiral dassifieation of Neorons 

tgure 13.1 shows the four structural groups of neurons. 

■ Anaxonic (an-ak-SON-ik) neurons are small. In these neurons it is very 
difficult to distinguish dendrites from axons ; cgure 13.11a). Anaxonic 
neurons are found only in the CNS and in speeial sense organs, and their 
functions are poorly understood. 

■ Bipolar neurons have a number of fine dendrites that fuse to form a single 
dendrite. The eell body lies between this single dendrite and the single axon 

ure 13.11b. Bipolar neurons relay sensory information eoneerning 
sight, smell, and hearing. Their axons are not myelinated. 

■ Pseudounipolar (SU-dò-yu-ne-PÒ-lar) neurons have continuous 
dendrites and axons, and the eell body lies off to one side gure 13.11c . 
In these neurons, the initial segment lies where the dendrites eonverge, 
and the rest of the proeess is usually eonsidered an axon. Sensory neurons 


■ Multipolar neurons have several dendrites and a single axon with one 
or more branehes 1gure 13.11d]. Multipolar neurons are the most 
eommon type of neuron in the CNS. An example of a multipolar neuron 
is a motor neuron that eonneets the CNS to skeletal muscles. 

Fiinetional dassifieation of Neorons 

Neurons ean be elassified into three functional groups: (1) sensory neurons, 
(2) motor neurons, and (3) interneurons gure 13.12 . 

Figure 13.10 Anatomy of a Representative Neuron. A neuron has a eell 
body (soma), some branehing dendrites, and a single axon. 
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Figure 13.1 A Structural Classification of Neurons. This elassifieation ís based on the plaeement of 
the eell body and the number of assoeiated proeesses. 
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Figure 13.12 A Functional eiassifieation of Neurons. Neurons are elassified functionally into three 
eategories: (1) sensory neurons that deteet stimuli in the PNS and send information to the CNS # 

(2) motor neurons to earry ínstructions from the CNS to peripheral effeetors, and (3) interneurons in 
the CNS that proeess sensory information and eoordinate motor aetivity. 
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Sensory Neurons Forming the afferent division of the PNS, sensory 
neurons deliver information about the external or internal environment to 
the CNS. The axons of sensory neurons, ealled afferent fibers, extend between 
a sensory reeeptor and the spinal eord or brain. Somatie sensory neurons 
transmit information about the outside world and our position within it. 
Viseeral sensory neurons transmit information about internal eonditions 
and the status of other organ systems. 

Reeeptors are either the proeesses of speeialized sensory neurons or eells 
monitored by sensory neurons. There are three eategories of reeeptors: 

■ interoeeptors (IN-ter-ò-SEP-ters; intero-, inside) monitor the digestive, 
respiratory, cardiovascular, urinary, and reproductive systems and pro- 
vide sensations of deep pressure and pain as well as taste, another speeial 
sense. 

■ Exteroceptors (EKS-ter-ò-SEP-ters; extero~, outside) provide information 
about the external environment in the form of touch, temperature, and 
pressure sensations and the more complex speeial senses of sight, smell, 
and hearing. 

■ Proprioeeptors (PRÒ-prè-ò-SEP-ters; proprius, one’s own) monitor the 
position and movement of skeletal muscles and joints. 

Somatie sensory neurons earry information from exteroceptors and pro- 
prioeeptors. Viseeral sensory neurons earry information from interoeeptors. 

Motor Neurons Forming the efferent division of the nervous system, 
motor neurons stimulate or modify the aetivity of a peripheral tissue, organ, 
or organ system. 

Axons traveling away from the CNS are efferent fibers. The two efferent 
divisions of the PNS—the somatie nervous system (SNS) and autonomic ner- 
vous system (ANS)—differ in the way they innervate peripheral effeetors. The 
SNS eonsists of all the somatie motor neurons innervating skeletal muscles. 
The eell bodies of these motor neurons lie inside the CNS, and their axons 
extend to the neuromuscular junctions that eontrol skeletal muscles. Most of 
the aetivities of the SNS are consciously eontrolled. 

The autonomic nervous system (discussed in ehapter 17) eonsists of 
all the viseeral motor neurons innervating peripheral effeetors other than 
skeletal muscles. There are two groups of viseeral motor neurons: One group 
has eell bodies inside the CNS, and the other has eell bodies in peripheral 
ganglia. The neurons inside the CNS eontrol the neurons in the peripheral 
ganglia, and these neurons in turn eontrol the peripheral effeetors. Axons 
extending from the CNS to a ganglion are ealled preganglionie fibers. 
Axons eonneeting the ganglion eells with peripheral effeetors are postgangli- 
onie fibers. This arrangement elearly distinguishes the autonomic (viseeral 
motor) system from the somatie motor system. We have little conscious eon- 
trol over the aetivities of the ANS. 

Ilìterneiirons Loeated between the sensory and motor neurons within the 
brain and spinal eord, interneurons analyze sensory input and eoordinate 
motor output. The more complex the response to a stimulus, the greater the 
number of interneurons involved. Interneurons are elassified as excitatory 
(releasing excitatory neurotransmitters) or inhibitory (releasing inhibitory 
neurotransmitters) based on their effeets on the postsynaptie membranes of 
other neurons. 



CONCEPT CHECK 

7 Examination of a tissue sample shovvs pseudounipolar 
neurons. Are these more likely to be sensory neurons 
or motor neurons? 


5ee the blue Ansvvers tab at the baek of the book. 


13.5 Regeneration of Nervoiis Tissue 

► KEY POINT Regeneration of nervous tissue refers to the repair of eomplete 
neurons, neuroglia, axons, myelin, or synapses. Regeneration in the CNS differs 
from that in the PNS in meehanism, speed of regeneration, and amount of regen- 
eration that occurs. 

A neuron has limited ability to reeover after an injury. Following an injury, the 
Nissl bodies within the eell body disappear and the nucleus moves peripherally 
within the eell body. If the neuron regains normal function, the soma will grad- 
ually return to its normal loeation. Sometimes the oxygen or nutrient supply to a 
neuron is reduced, as in a stroke, or meehanieal pressure is applied to a neuron, 
as in spinal eord or peripheral nerve injuries. IJnless the circulation is restored or 
the pressure is removed within a short period of time, the neuron may not reeover. 

The key to reeovery appears to be events in the axon. If, for example, the 
pressure applied during a emshing injury produces a loeal deerease in blood 
flow and oxygen, the affeeted axonal membrane beeomes unexcitable. If the 
pressure is alleviated after an hour or two, the neuron will reeover within a 
few weeks. More severe or prolonged pressure produces effeets similar to those 
caused by cutting the axon. 

In the peripheral nervous system, Schwann eells play an important role 
in repairing damaged nerves. In Wallerian degeneration, the axon distal to 
the injury site (distal stump) deteriorates, and maerophages migrate in and 
phagoeytize the debris. Schwann eells in the injured area do not degenerate; 
instead, they divide and form a solid cellular eord that follows the path of the 
original axon igure 13.13 . Additionally, these Schwann eells release growth 
faetors promoting axonal regrowth. If the axon has been cut, new axons begin 
to emerge from the proximal stump of the cut within a few hours. However, in 
emshing or tearing injuries, the proximal stump of the damaged axon dies and 
regresses for 1 eentimeter or more, and the sprouting of new axonal segments 
is usually delayed for 1 or more weeks. As the neuron continues to reeover, the 
axon grows into the injury site, and the Schwann eells wrap around it. 

If the axon continues to grow into the periphery within the appropriate 
eord of Schwann eells, it may reestablish its normal synaptie eontaets. If it stops 
growing or wanders off in a new direetion, normal function will not return. The 
growing axon will arrive at its appropriate destination if the damaged proximal 
and distal stumps remain in eontaet after the injury. When an entire peripheral 
nerve is damaged, only a small number of axons will successfully reestablish nor- 
mal synaptie eontaets. As a result, nerve function will be permanently impaired. 

In the eentral nervous system, limited regeneration occurs, but the situation 
is more eomplieated because (1) many more axons are likely to be involved, 
(2) astroeytes produce sear tissue that ean prevent axon growth aeross the dam- 
aged area, and (3) astroeytes release ehemieals that bloek the regrowth of axons. 



CONCEPT CHECK 

8 What is Wallerian degeneration, and vvhere does it 
occur? 


See the blue Ansvvers tab at the baek of the book. 


13.6 The Nerve Impiilse 

► KEY POINT Excitability is the ability of a plasma membrane to respond to 
an adequate stimulus and generate an aetion potential. Plasma membranes of 
skeletal muscle fibers, eardiae muscle eells, some gland eells, and the axolemma 
of most neurons (including a11 rrmltipolar and pseudounipolar neurons) are ex- 
amples of excitable membranes. 


Excitability is the ability of a plasma membrane to conduct eleetrieal impulses. 
The plasma membranes of skeletal muscle fibers and most neurons are excitable. 
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Figure 13.13 VVallerian Degeneration and Nerve Regeneration 
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An aetion potential, or nerve impulse, is the ehange in membrane potential 
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■ VVhen a stimulus is applied to the axon, it produces a temporary ehange in 
the permeability of the axolemma in a loealized area of the axon. 

■ This temporary ehange in permeability ehanges the membrane potential 
of the axon. If the stimulus is sufficient to start an aetion potential, the 
stimulus is termed a threshold stimiiliis. 


Axon Myelin Proximal stump Distal stump 



Maerophages engulf degenerating axon and myelin. 


■ When an aetion potential develops in one loeation of an axon, it will 
propagate (spread) along the length of the axon toward the axon terminal. 

■ Onee started, the rate of impulse conduction depends on the axon’s 
properties, such as its diameter and whether it is myelinated. The larger 
the diameter of the axon, the more rapidly the impulse will be eon- 
ducted. In addition, a myelinated axon conducts impulses five to seven 
times faster than an unmyelinated axon. The largest myelinated axons, 
with diameters ranging from 4 to 20 ju m, conduct nerve impulses at 
speeds elose to 140 m/s (300 mph), while small, unmyelinated fibers 
(less than 2 jmm in diameter) conduct impulses at speeds below 1 m/s 
(2 mph). 




Schwann eell Maerophage 



Axon sends buds into network of Schwann eells 
and then starts growing along eord of Schwann eells. 




Axon continues to grow into distal stump and is enfolded 
by Schwann eells. 




CONCEPT CHECK 

9 Two axons are tested for conduction speeds. One 
conducts aetion potentials at 50 rn/s, the other at 
1 m/s. Which axon is myelinated? 

10 Define excitability. 


See the blue Ansvvers tab at the baek of the book. 


13.7 Synaptie Communication 

► KEY POINT A synapse between neurons involves an axon terminal and 
(1) a dendrite (axodendritic), (2) eell body (axosomatic), or (3) axon (axoaxonic). 
At an axon terminal, a nerve impulse triggers events at a synapse that transfers 
the information to another neuron or eell. 

A synapse is a site of intercellular communication between a neuron and 
another eell. A synapse may be ehemieal ( vesicular ) or eleetrieal (nonvesicular ). 

ehemieal Synapses 

► KEY POINT Chemical synapses, or vesicularsynapses, are the most abundant type 
of synapse. These synapses involve the passage of neurotransmitters between eells. 

At a typieal ehemieal synapse (also termed a vesicular synapse), a neurotransmitter 
released at the presynaptie membrane of an axon terminal binds to reeeptor proteins 
on the postsynaptie membrane. The neurotransmitter then triggers a temporary 
ehange in the membrane potential of the postsynaptie eell. Only the presynaptie 
membrane releases neurotransmitter, so communication occurs in one direetion 
only: from the presynaptie neuron to the postsynaptie neuron lgure 13,14b] . 

Neuromuscular junctions (deseribed in Ohapter 9) are ehemieal synapses 
releasing the neurotransmitter aeetyleholine (ACh). (More than 50 different 
neurotransmitters have been identified, but aeetyleholine is the best known.) All 
somatie neuromuscular junctions utilize ACh; it is also released at many ehemieal 
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synapses in the CNS and PNS. The general sequence of events is similar, regard- 
less of the loeation of the synapse or the type of nemotransmitter: 

■ Arrival of the aetion potential at the axon terminal causes the release 
of neurotransmitter from seeretory vesieles by exocytosis at the presyn- 
aptie membrane. 

■ The neurotransmitter diffuses aeross the synaptie eleft (the spaee between 
the axon and the postsynaptie surface) and binds to reeeptors on the post- 
synaptie membrane. 

■ Reeeptor binding ehanges the permeability of the postsynaptie membrane; 
the resulting effeet may be excitatory or inhibitory. In general, excitatory 
effeets promote the generation of aetion potentials, whereas inhibitory 
effeets reduce the ability to generate aetion potentials. 

■ If the excitation is sufficient, reeeptor binding leads to the generation of an 
aetion potential in the axon (if the postsynaptie eell is a neuron) or sareo- 
lemma (if the postsynaptie eell is a skeletal muscle fiber). 


■ The effeets of one aetion potential on the postsynaptie membrane are 
short-lived because the neurotransmitter molecules are either enzymati- 
eally broken down or reabsorbed. To prolong or enhanee the effeets, addi- 
tional aetion potentials must arrive at the axon terminal, and additional 
molecules of ACh must be released into the synaptie eleft. 

There may be thousands of ehemieal synapses on the eell body of a sin- 
gle neuron igure 13.14c] . Many are aetive at any given moment, releas- 
ing a variety of different neurotransmitters. Some will have excitatory effeets, 
others inhibitory effeets. The aetivity of the reeeptive neuron depends on the 
sum of all the excitatory and inhibitory stimuli influencing the axon hilloek 
at any given moment. 

Eleetrieal Synapses 

► KEY POINT Eleetrieal synapses, or nonvesicular synapses, are relatively rare 
and are found between neurons in both the CNS and PNS. At these synapses, the 
presynaptie and postsynaptie membranes form a gap junction. 


Figure 13.14 The Structure of a Synapse. A synapse is the site of communication between 
a neuron and another eell. 
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Structure of a typieal synapse. 
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A neuron may innervate (1) other neurons, (2) skeletal muscle fibers, or 
(3) gland eells. A single neuron would not innervate all three. 
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At an eleetrieal synapse (also termed a nonvesicular synapse), the presynaptie and 
postsynaptie membranes are boimd tightly together, and communicating junc- 
tions permit the passage of ions between the two eells. Because the eells are linked 
in this way, they function as if they share a eommon membrane, and the nerve 
impulse erosses from one neuron to the next without delay. In eontrast to ehem- 
ieal synapses, eleetrieal synapses ean eonvey nerve impulses in either direetion. 



CONCEPT CHECK 

11 Myasthenia gravis is a disease that deereases the 
amount of aeetyleholine released from the axon 
terminal. What effeet, if any, would this have on 
the generation of an aetion potential? 


See the blue Ansvvers tab at the baek of the book. 


13.8 Neiiron Organization and Proeessing 

► KEY POINT Neurons are the basie building bloeks of the nervous system. The 
billions of neurons within the CNS are organized into a much smaller number of 
neuronal pools. 

A neuronal pool is a group of intereonneeted neurons with speeifie functions. 
Nemonal pools are defined on the basis offimetion rather than anatomy. They may 
be diffuse, involving neurons in several different regions of the brain, or loeal- 
ized, with all the neurons restrieted to one speeifie loeation in the brain or spi- 
nal eord. Eaeh neuronal pool has a limited number of input sources and output 
destinations, and the pool may eontain both excitatory and inhibitory neurons. 

The basie “wiring pattern ,> in a neuronal pool is ealled a neural circuit. A 
neural circuit has one of the following functions: 

■ Divergenee is the spread of information from one neuron to several neu- 
rons or from one pool to multiple pools gure 13.15a). Divergenee 
allows the broad distribution of a speeifie input, as when sensory neurons 
bring information into the CNS. The information is then distributed to 
neuronal pools throughout the spinal eord and brain. For example, visual 
information arriving from the eyes reaehes your consciousness at the same 


time it is distributed to areas of the brain that subconsciously eontrol 
posture and balanee. 

■ In eonvergenee, several neurons synapse on the same postsynaptie neu- 
ron "fijyre 13.15b). Convergence permits the variable eontrol of motor 
neurons by providing a meehanism for their voluntary and involuntary 
eontrol. For example, the movements of your diaphragm and ribs are 
eontrolled by respiratory eenters in the brain that operate outside of your 
awareness. However, the same motor neurons ean also ean be eontrolled 
voluntarily, as when you take a deep breath and hold it. Two different neu- 
ronal pools are involved, both synapsing on the same motor neurons. 

■ Serial proeessing relays information in a stepwise sequence from one 
neuron to another or from one neuronal pool to the next gure 13.15c' . 
Serial proeessing occurs when sensory information is relayed from one 
proeessing eenter in the brain to another. For example, pain sensations on 
their way to your consciousness make stops at two neuronal pools along 
the pain pathway. 

■ Parallel proeessing occurs when several neurons or neuronal pools are 
proeessing the same information at one time gure 13.15d . Thanks 
to parallel proeessing, many different responses occur simultaneously. For 
example, stepping on a sharp objeet stimulates sensory neurons that dis- 
tribute the information to a number of neuronal pools. As a result of par- 
allel proeessing, you might withdraw your foot, shift your weight, move 
your arms, feel the pain, and shout, “Ouch!” at about the same time. 

■ Reverberation uses positive feedbaek. In this arrangement, eollateral 
axons extend baek toward the source of an impulse and further stimulate 
the presynaptie neurons igure 13.15e). Onee a reverberating circuit is 
aetivated, it will continue to function until synaptie fatigue or an inhib- 
itory stimulus breaks the eyele. Reverberation ean occur within a single 
neuronal pool, or it may involve a series of intereonneeted pools. Highly 
eomplieated examples of reverberation among neuronal pools in the brain 
may help maintain consciousness, muscular eoordination, and normal 
breathing. 

We will discuss these and other “wiring patterns” as we eonsider the organiza- 
tion of the spinal eord and brain in subsequent ehapters. 


Figure 13.15 Organization of Neuronal Pools 
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CONCEPT CHECK 

12 Distinguish between a neuronal pool whose function 
is divergenee and a neuronal pool whose function is 
eonvergenee. 


See the blue Ansvvers tab at the baek of the book. 


In the peripheral nervous system (PNS): 

■ The eell bodies of sensory neurons and viseeral motor neurons are found in 

ganglia. 

■ Axons are bundled together in nerves, with spinal nerves eonneeted to the 
spinal eord, and eranial nerves eonneeted to the brain. 

In the eentral nervous system (CNS): 


13.9 Anatomieal Organization of the 

Nervoiis System 

►keypoint The functions of the nervous system depend on interaetions between 
neurons in neuronal pools. The most complex neural proeessing occurs in the CNS. 

Arriving sensory information and outgoing motor eommands are earried by the 
peripheral nervous system (PNS). Axons and eell bodies in the CNS and PNS 
are not randomly seattered. Instead, they form masses or bundles with distinet 
anatomieal boundaries. gures 13.16 and 3.3 (p. 341) smnmarize the ana- 
tomieal organization of the nervous system. 


■ A eolleetion of neuron eell bodies with a eommon function is ealled a 
eenter. A eenter with a distinet anatomieal boundary is ealled a nucleus. 
A layer of gray matter ealled the neural cortex eovers portions of the brain 
surface. The term higher eenters refers to the most complex integration 
eenters, nuclei, and eortieal areas of the brain. 

■ The white matter of the CNS eontains bundles of axons that share eom- 
mon origins, destinations, and functions. These bundles are ealled traets. 
Traets in the spinal eord form larger groups ealled columns. 

The eenters and pathways that link the brain with the rest of the body are 
ealled traets. For example, aseending (sensory) traets distribute information 
from peripheral reeeptors to proeessing eenters in the brain. Deseending 
(motor) traets begin at CNS eenters eoneerned with motor eontrol and 
end at the effeetors they eontrol. 


Figure 13.16 Anatomieal Organization of the Nervous System. An ìntroduction to the terms 
eommonly used when deseribing neuroanatomy. 
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CLINICAL NOTE 


Myasthenia Gravis 


Myasthenia gravis is an autoimmune disease of somatie 
neuromuscular junctions. These ehemieal synapses between 
motor neuron axons and the sareolemma of the skeletal muscle 
fibers they innervate use aeetyleholine (ACh) as a neurotransmit- 
ter. In myasthenia gravis # the immune system mistakenly makes 
antibodies that bloek, alter, or damage the ACh reeeptor sites 
on the postsynaptie membranes of the sareolemma of skeletal 
muscle fibers. The ACh released by the axon terminal bouton 
eannot find enough intaet ACh reeeptors on which to bind. The 
resulting muscular eontraetions are weak and fatigue easily. The 
muscles of the eyes # including the eyelids and other faeial mus- 
cles # are often affeeted first. All voluntary skeletal muscles ean 
be affeeted. 


reeeptor 
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Normal neuromuscular 

junction 
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Reduced transmission 
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in myasthenia gravis 
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CONCEPT CHECK 

13 Deseribe the following anatomieal structures that 
occur within the eentral nervous system: eenter, traet, 
and pathway. 


See the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y SIIMMARY 

For a summary of the development of the nervous system, see Chapter 28 
(Embryology and Human Development). 


Study Outline 


lntroduction p. 339 

■ Two organ systems—the nervous and endoerine systems— 
eoordinate and direet the aetivities of other organ systems. The 
nervous system provides swift # brief responses to stimuli; the 
endoerine system adjusts metabolie operations and direets long- 
term ehanges. 

13.1 An Overview of the Nervous System p. 339 

■ The nervoiis system eneompasses all of the nervous tissue in the 

body. Its anatomieal subdivisions are the eentral nervous system 
(CNS) (the brain and spinal eord) and the peripheral nervous system 
(PNS) (all of the nervous tissue outside the CNS). fSee Figure 13.1.) 

m Functionally # the peripheral nervous system is subdivided into 
an afferent division, which transmits sensory information 
from somatie and viseeral reeeptors to the CNS # and an efferent 
division, which earries motor eommands to muscles and glands. 

■ The efferent division eonsists of the somatie nervous system 
(SNS) (voluntary eontrol over skeletal muscle eontraetions) and 
the autonomic nervous system (ANS) (automatic # involuntary 
regulation of smooth muscle # eardiae muscle # and glandular 
aetivity). (See Figures 13.1-13.3.) 

13.2 Cellular Organization in Nervous 

Tissue p. 340 

■ There are two types of eells in nervous tissue: neurons # which are 
responsible for information transfer and processing # and neuroglia 
( glial eells ) # which are supporting eells in the nervous system. 

A typieal neuron has a eell body (soma), an axon, and several 
dendrites. (See Figure 13.4.) 


13.3 Neuroglia p.342 

■ There are four types of neuroglia in the CNS: (1) astrocytes # (2) 
oligodendrocytes # (3) microglia # and (4) ependymal eells. (See 
Figures 13.5-13.8.) 

Neuroglia of the CNS p. 342 

Astroeytes are the largest # most numerous neuroglia. They maintain 
the blood brain barrier (BBB) to isolate the CNS from the general 
circulation # provide structural support for the CNS # regulate ion and 
nutrient concentrations # and perform repairs to stabilize the tissue 
and prevent further injury. (See Figures 13.5 and 13.6.) 

m Oligodendroeytes wrap CNS axons in a membrane sheath termed 
myelin. Gaps between the myelin wrappings along an axon are 
ealled myelin sheath gaps (nodes of Ranvier), whereas the large 
areas wrapped in myelin are ealled internodes. Regions primarily 
eontaining myelinated axons appear glossy white and are termed 
white matter. (See Figures 13.5 and 13.6 and Spotlight Figure 13.9.) 

m Mieroglia are small eells with many fine eytoplasmie proeesses. 
These are phagoeytie eells that engulf cellular debris # wastes # and 
pathogens. Mieroglia inerease in number as a result of infeetion or 
injury. (See Figures 13.5 and 13.6.) 

m Ependymal eells are atypieal epithelial eells that line ehambers 
and passageways filled with eerebrospinal fluid (CSF) in the 
brain and spinal eord. They assist in producing # circulating # and 
monitoring CSF. (See Figures 13.5-13.7.) 

Neuroglia of the PNS p. 343 

■ Neuron eell bodies in the PNS are clustered into ganglia, and their 
axons form peripheral nerves. (See Figure 13.8.) 

m The PNS neuroglia include satellite eells and Schwann eells. 

(5ee Figure 13.8 and Spotlight Figure 13.9.) 
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■ Satellite eells enelose neuron eell bodies in ganglia. 
fSee Figure 13.8.) 

m Sehvvann eells ( neurolemmocytes) eover all peripheral axons # 
vvhether myelinated or unmyelinated. fSee Spotíight Figure 13.9.) 

13.4 Neurons p. 348 

■ The perikaryon of a neuron is the eytoplasm surrounding the 
nucleus. It eontains organelles, including neurofilaments, 
neurotubules, and bundles of neurofilaments # termed 
neurofibrils, that extend into the dendrites and axon. The 
axon hilloek is a speeialized region of an axon. It eonneets the 
initial segment of the axon to the eell body. The eytoplasm of 
the axon # the axoplasm, eontains numerous organelles. fSee 
Figure 13.10.) 

m Collaterals are side branehes from an axon. Telodendria are a 
series of fine # terminal extensions branehing from the axon tip. 

(See Figure 13.10.) 

Neuron dassifieation p. 348 

■ Structurally # neurons may be elassified on the basis of the number 
of proeesses that projeet from the eell body: (1) anaxonic (no 
distinguishable axon); (2) bipolar (one dendrite and one axon); 

(3) pseudounipolar (dendrite and axon are continuous at one side 
of eell body); and (4) multipolar (several dendrites and one axon). 
(See Figure 13.11.) 

m There are three functional elassifieations of neurons: sensory 
neurons # motor neurons # and interneurons. (See Figure 13.12.) 

m Sensory neurons form the afferent division of the PNS and 
deliver information from sensory reeeptors to the CNS. Reeeptors 
are eategorized as interoeeptors (monitor digestive, respiratory # 
cardiovascular # urinary # and reproductive systems) # exteroceptors 
(provide information from external environment) # and 
proprioeeptors (monitor position and movement of joints). 

(See Figure 13.12.) 

Motor neurons form the efferent pathvvays that stirrmlate or 
modify the aetivity of a peripheral tissue # organ # or organ system. 
Somatie motor neurons innervate skeletal muscle. Viseeral 
motor neurons innervate all peripheral effeetors other than 
skeletal muscles. Axons of viseeral motor neurons from the CNS 
(preganglionie fibers) synapse on neurons in ganglia; these 
ganglion eells projeet axons (postganglionie fibers) to eontrol the 
peripheral effeetors. (5ee Figure 13.12.) 

■ lnterneurons are loeated betvveen sensory and motor neurons; 
they analyze sensory inputs and eoordinate motor outputs. 
lnterneurons are elassified as excitatory or inhibitory on the basis 
of their effeets on postsynaptie neurons. (See Figure 13.12.) 

13.5 Regeneration of Nervous Tissue p. 350 

■ Neurons have limited ability to regenerate after an injury. When an 
entire peripheral nerve is severed # only a relatively small number 

of axons vvithin the nerve vvill successfully reestablish normal 
synaptie eontaets. As a result # eomplete nerve function is impaired 
permanently. (See Figure 13.13.) 

m Sehvvann eells partieipate in the repair of damaged peripheral 
nerves. This proeess is knovvn as VVallerian degeneration. (5ee 
Figure 13.13.) 

Limited regeneration ean occur inside the eentral nervous system # 
but the situation is more eomplieated because (1) many more axons 


are likely to be involved # (2) astroeytes produce sear tissue that 
ean prevent axon grovvth aeross the damaged area # and (3) 
astroeytes release ehemieals that bloek the regrovvth of axons. 

(5ee Figure 13.13.) 

13.6 The Nerve lmpulse p.350 

Excitability is the ability of a plasma membrane to respond to 
an adequate stimulus and generate an aetion potential; the plasma 
membranes of skeletal muscle fibers and most neurons 
are excitable. 

The conducted ehanges in the membrane potential that occur as 
a result of ehanges in the flovv of sodium and potassium ions vvhen 
the membrane threshold is reaehed are ealled aetion potentials 
(nerve impulses). 

m The rate of impulse conduction depends on the properties of the 
axon # speeifieally the presenee or absenee of a myelin sheath (a 
myelinated axon conducts impulses five to seven times faster than 
an unmyelinated axon) and the diameter of the axon (the larger 
the diameter # the faster the rate of conduction). 

13.7 Synaptie Communication p. 351 

■ A synapse is a site of intercellular communication betvveen a 
neuron and another eell. An axon terminal is loeated vvhere 
one neuron synapses on another. Synaptie communication usually 
involves the release of speeifie ehemieals ealled neurotransmitters. 
(5ee Figure 13.14.) 

Synapses occur on dendrites # on the eell body # or along axons. 
Synapses permit communication betvveen neurons and other eells 
atjunctions. (See Figures 13.10 and 13.14.) 

m A synapse may be ehemieal (vesicuíar), involving a 

neurotransmitter # or eleetrieal (nonvesicular), vvith direet 
eontaet betvveen eells. Chemical synapses are more eommon. 
fSee Figure 13.14a.) 

ehemieal Synapses p. 351 

■ At a ehemieal synapse betvveen tvvo neurons # a speeial 
relationship is established. Only the presynaptie membrane 
releases a neurotransmitter # vvhieh binds to reeeptor proteins on 
the postsynaptie membrane, causing a ehange in the membrane 
potential of the reeeptive eell. Thus # communication ean occur in 
only one direetion aeross a synapse: from the presynaptie neuron to 
the postsynaptie neuron. (5ee Figure 13.14.) 

m All neuromuscular junctions use aeetyleholine (ACh) as a 

neurotransmitter; ACh is also released at many ehemieal synapses in 
both the CNS and PNS. 

■ The general sequence of events at a ehemieal synapse is as 
follovvs: (1) Neurotransmitter release is triggered by the arrival 
of an aetion potential at the axon terminal of the presynaptie 
membrane; (2) the neurotransmitter binds to reeeptors on the 
postsynaptie membrane after it diffuses aeross the synaptie 
eleft; (3) binding of the neurotransmitter causes a ehange 

in the permeability of the postsynaptie plasma membrane # 
resulting in either excitatory or inhibitory effeets depending 
on the identity and abundance of reeeptor proteins; (4) the 
initiation of an aetion potential depends on the degree of 
excitation; and (5) the effeets on the postsynaptie membrane 
fade rapidly as the neurotransmitter molecules are degraded 
by enzymes. 
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■ A single neuron may have thousands of synapses on its eell body. 
The aetivity of the neuron depends on the simnmation of all of the 
excitatory and inhibitory stimuli arriving at any given moment at 
the axon hilloek. 

Eleetrieal Synapses p. 352 

■ Eleetrieal synapses (norivesicular syriapses) are found betvveen 
neurons in the CNS and PNS f although they are rare. At these 
synapses, the plasma membranes of the presynaptie and 
postsynaptie eells are tightly bound together, and the eells function 
as if they shared a eommon plasma membrane. Eleetrieal synapses 
transmit information more rapidly than ehemieal synapses and may 
be bidireetional. 

13.8 Neuron Organization and Proeessing p. 353 

■ Neurons ean be elassified into neuronal pools. The neural 
circuits of these neuronal pools may show (1) divergenee, 

(2) eonvergenee, (3) serial proeessing, (4) parallel proeessing, 
or (5) reverberation. fSee Figure 13.15.) 

m Divergenee is the spread of information from one neuron to 
several neurons or from one pool to several pools. This faeilitates 
the widespread distribution of a speeifie input. (See Figure 13.15a.) 

m Convergence is the presenee of synapses from several neurons on 
one postsynaptie neuron. It permits the variable eontrol of motor 
neurons. (See Figure 13.15b.) 

m Serial proeessing is a pattern of stepwise information proeessing 
from one neuron to another or from one neuronal pool to the 
next. This is the way sensory information is relayed between 
proeessing eenters in the brain. fSee Figure 13.15c.) 


m Parallel proeessing is a pattern that proeesses information 
by several neurons or neuronal pools at onee. Many different 
responses occur at the same time. fSee Figure 13.15d.) 

m Reverberation occurs when neural circuits use positive feedbaek to 
continue the aetivity of the circuit. Collateral axons establish a circuit 
to continue to stimulate presynaptie neurons. fSee Figure 13.15e.) 

13.9 Anatomieal Organization of the Nervous 

System p.354 

Nervous system functions depend on interaetions between neurons 
in neuronal pools. Almost all complex proeessing steps occur inside 
the brain and spinal eord. fSee Figure 13.16.) 

m Neuronal eell bodies and axons in both the PNS and CNS are 
organized into masses or bundles with distinet anatomieal 
boundaries. (See Figure 13.16.) 

In the PNS f ganglia eontain the eell bodies of sensory and viseeral 
motor neurons. Axons in nerves occur within spinal nerves to the 
spinal eord and eranial nerves to the brain. (See Figure 13.3.) 

m In the CNS f eell bodies are organized into eenters; a eenter with 
diserete boundaries is ealled a nucleus. The neural cortex is the 
gray matter that eovers portions of the brain. It is ealled a higher 
eenter to refleet its involvement in complex aetivities. White matter 
has bundles of axons ealled traets. Traets organize into larger units f 
ealled columns. The eenters and traets that link the brain and body 
are pathways. Sensory (aseending) pathways earry information from 
peripheral reeeptors to the brain; motor (deseending) pathways 
extend from CNS eenters eoneerned with motor eontrol to the 
assoeiated skeletal muscles. (See Figures 13.3 and 13.16.) 




ehapter Review 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. afferent division. 

2. effeetor. _ 

3. astroeyte. == 

4. oligodendroeyte. == 

5. axon hilloek. _ 

6. eollaterals . _ 

7. bipolar neurons. _ 

8. proprioeeptors . _ 

9. reverberation. _ 

10. ganglia. . 

(a) positive feedbaek 

(b) eonneets initial segment to eell body 

(e) sensory information 

(d) monitor position/movement of joints 

(e) myelin 

(f) one dendrite 

(g) neuron eell bodies in PNS 

(h) blood brain barrier (BBB) 

(i) side branehes of axons 

(j) skeletal muscle eells 


11. Which of the following is not a function of 
the neuroglia? 

(a) support 

(b) information proeessing 

(e) seeretion of eerebrospinal fluid 

(d) phagoeytosis 

12. Neuroglia found surrounding the eell bodies 
of peripheral neurons are 

(a) astroeytes. 

(b) ependymal eells. 

(e) mieroglia. 

(d) satellite eells. 

13. The most important function of the eell 
body of a neuron is to 

(a) allow communication with another 
neuron. 

(b) support the neuroglia. 

(e) generate an eleetrieal eharge. 

(d) house organelles that produce energy 
and synthesize organie molecules. 


14. Fill in the blanks below with the proper 
structural elassifieation forthese neurons. 
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15. Axons terminate in a series of fine 
extensions knovvn as 

(a) telodendria. 

(b) synapses. 

(c) eollaterals. 

(d) hilloeks. 

16. Which of the follovving aetivities 
or sensations are not monitored by 
interoeeptors? 

(a) urinary aetivities 

(b) digestive system aetivities 

(e) visual aetivities 

(d) cardiovascular aetivities 

Level 2 Reviewing Concepts 

1. Patterns of interaetions betvveen neurons 
include vvhieh of the follovving? 

(a) divergenee 

(b) parallel proeessing 

(e) reverberation 

(d) all of the above 

2. Which neuronal tissue eell type is likely to 
be malfunctioning if the blood brain barrier 
(BBB) is no longer adequately proteeting the 
brain? 

(a) ependymal eells 

(b) astroeytes 

(e) oligodendroeytes 
(d) mieroglia 


3. Developmental problems in the grovvth and 
intereonneetions of neurons in the brain 
refleet problems vvith the 

(a) afferent neurons. 

(b) mieroglia. 

(e) astroeytes. 

(d) efferent neurons. 

4. What purpose do eollaterals serve in the 
nervous system? 

5. Hovv does exteroceptor aetivity differ from 
interoeeptor aetivity? 

6. What is the purpose of the blood brain 
barrier (BBB)? 

7. Differentiate betvveen CNS and PNS functions. 

8. Distinguish betvveen the somatie nervous 
system and the autonomic nervous system. 

9. Why is an eleetrieal (nonvesicular) synapse 
more effieient than a ehemieal (vesicular) 
synapse? Why is it less versatile? 

10. Differentiate betvveen serial and parallel 
proeessing. 

Level 3 Critical Thinking 

1. In multiple selerosis, there is progressive and 
intermittent damage to the myelin sheath 
of peripheral nerves. This results in poor 
motor eontrol of the affeeted area. Why 
does destmetion of the myelin sheath affeet 
motor eontrol? 


2. An 8-year-old girl cut her elbovv vvhen she 
fell vvhile skating. The injury caused only 
minor muscle damage but partially severed 
a nerve in her arm. What is likely to happen 
to the severed axons of this nerve, and vvill 
the little girl regain normal function of the 
nerve and the rrmseles it eontrols? 

3. Eve is diagnosed vvith spinal meningitis. Her 
attending physieian informs her father that 
high doses of antibioties vvill be needed to 
treat Eve's eondition. Her father assumes 
this is due to the severity of the disease. Is 
he eorreet? If not, vvhy are such high doses 
required to treat Eve's eondition? 
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CLINICAL CASE I WRAP-UP 

L__I_ J, 


When Nerves Are Demyelinated 

Nieole is suffering from GuiIlain-Barré syndrome, an autoimmune 
eondition. Nieole's immune system has attaeked the myelin sheaths of 
her peripheral nervous system. The bodies (somas) of PNS nerve eells 
are loeated in the eentral nervous system. The myelinated axons of 
the PNS eonneet the eell bodies to peripheral reeeptors or effeetors 
(skeletal muscle fibers). Without myelin insulation # the nerve impulses 
travel slowly and ineffieiently. The poor afferent conduction causes 
Nieole's tingling and numbness; the poor efferent conduction causes 
her progressive motor weakness. 

Named after the two Freneh physieians who first deseribed it, 
Guillain-Barré syndrome is rare and not contagious # and we don't 
know what triggers it. It often follows a respiratory or gastrointestinal 
infeetion or influenza immunization. 

Later that day # Nieole's numbness and weakness spread to her 
muscles of respiration. She is rushed to a hospital intensive eare 
unit # where she is eonneeted to a ventilator that ean breathe for her. 
However # within 3 months # Nieole has reeovered fu11 sensation and 90 
pereent of her motor strength # thanks to new Schwann eells that have 
re-myelinated her peripheral neuronal axons. She looks forward to 
snowboarding again next season. 





1. Would the nerve conduction veloeity of Nieole's PNS to be faster or 
slower during the acute phase of her Guillain-Barré syndrome? 

2. Would the syndrome affeet Nieole's autonomic nervous system # 
too? What might you notiee elinieally? 

See the blue Ansvvers tab at the baek of the book. 
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Related eiinieal Terms 


anesthetie: An agent that produces a loeal or 
general loss of sensation or pain. 


excitotoxicity: Continuous and exaggerated 
stimulation by a neurotransmitter # espeeially 
forthe excitatory neurotransmitter # glutamate. 


neurotoxin: A compound that disrupts 
normal nervous system function by 
interfering with the generation or 
propagation of aetion potentials. 
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Nerves 


tearning Outcomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 



14.2 



14.4 


14.5 


14.6 


Discuss the structure and functions of the 
spinal eord. p. 361 

Loeate the spinal meninges, and eompare and 
eontrast their structure and function. p. 361 

Discuss the structure and loeation of the gray 
matter and white matter, and eompare and 
eontrast the roles of both in proeessing and 
relaying sensory and motor information. p. 364 

Identify the regional groups of spinal nerves. 
p. 366 

Define the term nerve plexus and eompare and 
eontrast the four main spinal nerve plexuses. 
p. 367 

Deseribe the structures and steps involved in a 
neural reflex. p. 374 


A ase of the Bends 



Bob is an avid SCUBA (self-eontained underwater breathing apparatus) diver. 
He is diving in Belize # where the fish and eorals are distraetingly beautiful. 

He is at the end of his third dive for the day # too deep and with not much air 
left. He knows he should aseend no faster than 10 meters per seeond with 
frequent deeompression stops, but he has limited air pressure and is still 30 
meters deep. To avoid drowning # he quickly swims to the surface. 

At the surface # Bob takes a huge gulp of air and then feels severe baek 
pain. He has trouble swimming to the boat. By the time he gets there # his feet 
are tingling and getting numb. He is too weak to elimb into the boat and has 
to be lifted aboard. Lying on the bottom of the boat # speeding to the shore # he 
notiees his numbness has elimbed to the level of his umbilicus and he is unable 
to move his legs. 

What has happened to Bob? Will he survive? To find out f turn to the 
dinieaí Case Wrap-Up on p. 385. 
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THE CENTRAL NERVOUS SYSTEM (CNS) CONSISTS of the spinal eord and 
brain. The spinal eord and brain are anatomieally eonneeted but have a sig- 
nifieant degree of functional independenee. The spinal eord is more than just 
a pathway for information traveling to or from the brain. Although the spinal 
eord relays sensory information to the brain, it also integrates and proeesses 
information on its own. This ehapter deseribes the anatomy of the spinal eord 
and examines its integrative and proeessing aetivities. 

14.1 Gross Anatomy of the Spinal Cord 

► KEY POINT The spinal eord is continuous with the brain and ends at the 
conus medullaris. The diameter of the spinal eord is largest in the eervieal region 
and smallest in the saeral and eoeeygeal regions. 

The adult spinal eord extends from the foramen magnum of the skull to the 
inferior border of the first lumbar vertebra (L^) Figure 14.1 a,b). The poste- 
rior surface of the spinal eord has a shallow longitudinal groove, the posterior 
median sulcus. The anterior median fissure is a deep erease on the anterior 
surface of the eord Lgure 14.1c]. Eaeh region of the spinal eord (eervieal, 
thoraeie, lumbar, and saeral) eontains several traets, which are bundles of axons 
sharing functional and structural eharaeteristies. gure 14.1 b,c provides a 
series of seetional views demonstrating the variations in the gray matter and 
white matter along the length of the spinal eord. (Gray matter is eomposed 
of the eell bodies of neuroglia, neurons, and unmyelinated neuronal proeesses; 
white matter is eomposed of myelinated and unmyelinated neuronal proeesses.) 

The amount of gray matter inereases substantially in those segments 
of the spinal eord that are eoneerned with the sensory and motor innerva- 
tion of the limbs 1gure 14.1b,c . These areas eontain interneurons that 
are responsible for (1) relaying arriving sensory information and (2) eoor- 
dinating the aetivities of the somatie motor neurons that eontrol the eom- 
plex muscles of the limbs. These expanded areas of the spinal eord form the 
eervieal enlargement, which supplies nerves to the peetoral girdle and upper 
limbs, and the lumbosacral enlargement, which supplies nerves to the 
pelvis and lower limbs gure 14.1a). Caudal to the lumbosacral enlarge- 
ment, the spinal eord tapers and forms a eone-shaped tip ealled the conus 
medullaris, which is loeated at or inferior to the level of the first lumbar 
vertebra (L^). Extending within the vertebral eanal from the inferior tip of 
the conus medullaris is the filum terminale (“terminal thread M ). The filum 
terminale extends from L^ to the dorsum of the coccyx, where it eonneets the 
spinal eord to the first eoeeygeal vertebra ígure 14.1 a,b . 

The entire spinal eord is divided into 31 segments. A letter and number 
designation identifies eaeh segment. For example, C 3 is the third eervieal seg- 
ment (F ìgure 14.1a,b). 

Every spinal segment is assoeiated with a pair of dorsal root ganglia that 
eontain the eell bodies of sensory neurons. (The only exceptions are at Q and the 
first eoeeygeal vertebra, Co lf vvhere some people laek dorsal roots and the assoeiated 
dorsal root ganglia.) These sensory ganglia lie between the pedieles of adjaeent 
vertebrae. On both sides of the spinal eord the dorsal roots eontain the affer- 
ent axons of the sensory neurons in the dorsal root ganglion gures 14.1c 
and 4.2a,b . Anterior to the dorsal root, a ventral root leaves the spinal eord. 
The ventral root eontains the efferent axons of somatie motor neurons and, at 
some levels, efferent viseeral motor neurons that eontrol peripheral effeetors. 
The dorsal and ventral roots of eaeh segment enter and leave the vertebral eanal 
between adjaeent vertebrae at the intervertebral foramina. The dorsal roots are 
thieker than the ventral roots. 

Distal to eaeh dorsal root ganglion, the sensory and motor fibers form a 
single spinal nerve that exits from the intervertebral foramina gures 14.1c 
and i4.2a). Spinal nerves are elassified as mixed nerves because they eontain 
both afferent (sensory) and efferent (motor) fibers. Figure 14.2a,b shows the 
spinal nerves as they emerge from intervertebral foramina. 


The spinal eord continues to grow until approximately age 4. Until then, 
the growth of the spinal eord keeps paee with the growth of the vertebral eol- 
umn, and the segments of the spinal eord are aligned with the eorresponding 
vertebrae. The ventral and dorsal roots are short and leave the vertebral eanal 
through the adjaeent intervertebral foramina. 

After age 4, the vertebral column continues to grow, but the spinal eord 
does not. This vertebral growth earries the dorsal root ganglia and spinal nerves 
farther and farther away from their original position. As a result, the dorsal and 
ventral roots gradually elongate. The adult spinal eord extends only to the level 
of the first or seeond lumbar vertebra; thus spinal eord segment S 2 lies at the 
level of vertebra L^ Figure 14.1a,b] . 

When seen in gross disseetion, the filum terminale and the long ventral 
and dorsal roots are ealled the cauda equina (KAW-da ek-Wl-na; cauda, tail, + 
equus, horse) because this structure reminded early anatomists of a horse’s tail 
(Figure 14.1a). 



CONCEPT CHECK 

1 What structure eontains the eell bodies of sensory 
neurons? 

2 The filum terminale and the long dorsal and ventral 
roots that extend caudal to the conus medullaris 
form what anatomieal structure? 


See the blue Ansvvers tab at the baek of the book. 


14.2 Spinal Meninges 

► KEY POINT The vertebral column isolates the spinal eord from the external 
environment. The delieate neural tissues also must be proteeted from the sur- 
rounding vertebral eanal. Speeialized membranes knovvn as the spinal meninges 
provide proteetion, physieal stability, and shoek absorption for the spinal eord. 

The spinal meninges (men-IN-jèz) eover and proteet the spinal eord and spinal 
nerve roots gure 14.2 . Blood vessels branehing within the meninges deliver 
oxygen and nutrients to the spinal eord. At the foramen magnum of the skull, the 
spinal meninges are continuous with the eranial meninges surrounding the brain. 
There are three meningeal layers: the dura mater, araehnoid mater, and pia mater. 
(Chapter 16 deseribes the eranial meninges, which have the same three layers.) 


The Dura Mater 

► KEY POINT The dura mater is a tough, fibrous layer that forms the outermost 

eovering of the spinal eord and brain. 

The dura mater (DU-ra MÀ-ter; dura, hard, + mater, mother) of the spinal 
eord eonsists of a layer of dense irregular eonneetive tissue gure 14.2a-c' . 
A simple squamous epithelium eovers the inner and outer surfaces of the dura 
mater. The outer epithelium is not attaehed to the bony walls of the vertebral 
eanal, and the resulting spaee is ealled the epidural spaee gure 14,2b . 
The epidural spaee eontains areolar tissue, blood vessels, and adipose tissue. 

The dura mater attaehes to the edge of the foramen magnum of the skull, 
the seeond and third eervieal vertebrae, the saemrn, and the posterior longi- 
tudinal ligament. These attaehments stabilize the spinal eord within the ver- 
tebral eanal. Caudally, the spinal dura mater tapers and forms a dense eord 
of eollagen fibers that blend with the filum terminale, forming the eoeeygeal 
ligament. The eoeeygeal ligament extends the length of the saeral eanal and 
fuses with the periosteum of the saemrn and coccyx. Lateral support of the spi- 
nal eord is provided by the eonneetive tissues within the epidural spaee and by 
the extensions of the dura mater aeeompanying the spinal nerve roots as they 
pass through the intervertebral foramina gure 14.2b,c). 
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Figure 14.1 Gross Anatomy of the Spinal Cord. The spinal eord extends inferiorly from the base of 
the brain along the vertebral eanal. 
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Spinal eord and 
vertebral regions 


= Cervical 
= Thoraeie 
= Lumbar 
= Saeral 



Filum terminale 
(in eoeeygeal 
ligament) 



Superficial anatomy and orientation of the 
adult spinal eord. The numbers to the left 
identify the spinal nerves and indieate vvhere 
the nerve roots leave the vertebral eanal. 



S 2 



Lateral view of adult vertebrae 
and spinal eord. Note that the 
spinal eord segments for S- 1 -S 5 
are level with the T 12 -L-| 
vertebrae. 



Inferior views of eross seetions through 
representative segments of the spinal 
eord showing the arrangement of gray 
and white matter. 
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Figure 14.2 The Spinal Cord and Spinal Meninges 
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Posterior view of the spinal eord shows the 
meningeal layers, superficial landmarks, 
and distribution of gray and white matter. 
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Seetional view through the spinal eord and meninges 
shows the peripheral distribution of the spinal nerves. 



Anterior view of spinal eord shows meninges and spinal 
nerves. For this view, the dura and araehnoid membranes 
have been cut longitudinally and retraeted (pulled aside); 
notiee the blood vessels that run in the subarachnoid 
spaee bound to the outer surface of the delieate pia mater. 
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eontaining eerebrospinal 
fluid and spinal nerve roots 

Terminal portion 
of filum terminale 

S 2 vertebra 



An MRI sean of the inferior portion of the spinal eord 
shows its relationship to the vertebral column. 
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The Araehnoid Mater 

► KEY POINT The araehnoid mater, the middle meningeal layer, is eomposed 
of a simple squamous epithelium. The araehnoid mater lines the inner surface of 
the dura mater. 

In a eadaver, a narrow subdural spaee separates the dura mater from the 
deeper meninges of the spinal eord. However, in a living person this spaee does 
not exist, and the inner surface of the dura is lined by the outer surface of 
the araehnoid (a-RAK-noyd; araehne, spider) mater igure 14.2a-c). The 
subarachnoid spaee separates the araehnoid mater from the innermost layer, 
the pia mater. This spaee eontains eerebrospinal fluid (CSF), which is a 
shoek absorber and a diffusion medium for dissolved gases, nutrients, ehemieal 
messengers, and waste products. Bundles of fibers known as araehnoid trabecu- 

I lae extend from the inner surface of the araehnoid mater to the outer surface of 
the pia mater. The subarachnoid spaee of the spinal meninges is easily aeeessed 
between L 3 and L 4 ( gure 14.2 and Clinical Note on p. 375) for the elinieal 
examination of CSF or for administering anestheties. (Chapter 16 discusses the 
subarachnoid spaee and the role of eerebrospinal fluid.) 

The Pia Mater 

► KEY POINT The surface of the CNS is eovered with a eonneetive tissue mem- 
brane, the pia mater. The pia mater elosely follows the contours of the spinal eord. 

Deep to the subarachnoid spaee is the pia mater ( pia , delieate, + mater, 
mother), the innermost meningeal layer Figure 14.2a-c). The elastie and 
eollagen fibers of the pia mater are interwoven with those of the araehnoid 
trabeculae. The blood vessels supplying the spinal eord are found within the 
pia mater. The pia mater is firmly bound to the underlying neural tissue, eon- 
forming to its bulges and fissures. The surface of the spinal eord eonsists of a 
thin layer of astroeytes, and eytoplasmie extensions of these neuroglia loek the 
eollagen fibers of the spinal pia mater in plaee. 

Paired denticulate ligaments are loeated along the length of the spinal 
eord. These structures, which are found between the dorsal and ventral roots of 
the spinal nerves, are extensions of the spinal pia mater, and they eonneet the 
pia mater and araehnoid mater to the dura mater of the spinal eord. The den- 
ticulate ligaments begin at the foramen magnum of the skull, and they prevent 
side-to-side and downward movement of the spinal eord. At the inferior tip of 
the conus medullaris, the eonneetive tissue fibers of the spinal pia mater form 
the filum terminale (Figure 14.2b-d). 

The spinal meninges surround the dorsal and ventral roots of the spinal 
nerves. As seen in ure 14.2a,b, the meningeal membranes are continuous with 
the eonneetive tissues surrounding the spinal nerves and their peripheral branehes. 



CONCEPT CHECK 

3 Identify the loeation of the eerebrospinal fluid that 
surrounds the spinal eord. 

4 List the three meninges that eover the spinal eord 
and the spinal nerve roots in order from deep to 
superficial. 


See the blue Ansvvers tab at the baek of the book. 


14.3 Seetional Anatomy of the Spinal 

Cord 

► KEY POINT The spinal eord eontains a eentral mass of gray matter eontaining 
the eell bodies of neuroglia and the eell bodies of neurons and a peripheral re- 
gion of white matter eontaining myelinated and unmyelinated axons. 


The anterior median fissure and the posterior median sulcus divide the spi- 
nal eord into left and right halves gure 14.3 . There is a eentral, H-shaped 
mass of gray matter eontaining the eell bodies of neuroglia and neurons 
(Figures 14.1c and Í4.3a,b]. The gray matter surrounds the narrow 
eentral eanal, which is loeated in the horizontal bar of the H. Gray matter ealled 
horns projeet toward the outer surface of the spinal eord gure 14.3a,b' . 
The peripheral white matter eontains myelinated and unmyelinated axons 
organized into traets and columns. tD pp. 346-347, 354 

Organization of Gray Matter 

► KEY POINT Sensory nuclei in the gray matter reeeive and send sensory infor- 
mation from peripheral reeeptors. Motor nuclei in the gray matter send motor 
eommandsto peripheral effeetors. 

The eell bodies of neurons within the gray matter of the spinal eord are orga- 
nized into groups ealled nuclei that have speeifie functions. Sensory mielei 
reeeive and relay sensory information from peripheral reeeptors, such as touch 
reeeptors in the skin. Motor nuclei send motor eommands to peripheral effee- 
tors, such as skeletal muscle. 

Sensory nuclei and motor nuclei within the eentral gray matter of the spi- 
nal eord extend for a eonsiderable distanee along the length of the spinal eord 
gure 14.3b). A frontal seetion along the axis of the eentral eanal sepa- 
rates the sensory (dorsal) nuclei from the motor (ventral) nuclei. The pos- 
terior (dorsal) horns eontain somatie and viseeral sensory nuclei, and the 
anterior (ventral) horns eontain somatie motor neurons. Lateral horns 
(intermediate horns ) are found only between segments T^ and L 2 and eon- 
tain viseeral motor neurons. The gray commissures (commissura, a joining 
together) eontain axons decussating (erossing) from one side of the eord to 
the other :ure 14.3a,b . There are two gray commissures, one posterior to the 
eentral eanal and one anterior to the eentral eanal. 

The motor nuclei within eaeh horn are highly organized Figure 14.3b,c' . 
Nerves innervating skeletal muscles of more proximal structures (such as the tmnk 
and shoulder) are loeated more medially within the gray matter than nuclei inner- 
vating the skeletal muscles of more distal structures (forearm and hand). 

The size of the anterior horns varies depending on the number of skeletal 
muscles innervated by that segment. Therefore, the anterior horns are largest in 
eervieal and lumbar regions of the spinal eord, regions that eontrol the muscles 
of the upper and lower limbs. 

Organization of White Matter 

► KEY POINT White matter is organized into columns, and eaeh column is or- 
ganized into traets. Aseending traets earry sensory information toward the brain, 
and deseending traets earry motor eommands into the spinal eord. 

Although the general pattern of gray matter and white matter is the same 
throughout the spinal eord, the amount of white matter deereases as you 
move caudally within the spinal eord. White matter is divided into regions, or 
eolvimns (also termed funiculi; singular, funiculus ) ure 14.3c]. The 

posterior white columns are loeated between the posterior horns and the 
posterior median sulcus. The anterior white columns are loeated between 
the anterior horns and the anterior median fissure, and they are intereonneeted 
by the anterior white commissure. Lateral white columns, between the 
anterior and posterior columns, are eomposed of white matter. 

Eaeh column eontains traets eomposed of axons sharing functional and stme- 
tural eharaeteristies. A speeifie traet earries either sensory information or motor 
eommands, and the axons within a traet are uniform in diameter, myelination, and 
conduction speed. All the axons within a traet relay information in the same diree- 
tion. Small commissural traets earry sensory or motor signals between segments of 
the spinal eord; other, larger traets eonneet the spinal eord with the brain. 
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Figure 14.3 Seetional Organization of the Spinal Cord 
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The left half of this seetional 
view shows important 
anatomieal landmarks; the 
right half shows the 
fiinetional organization of 
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CLINICAL NOTE 



14 


Spinal Cord lnjuries 


Spinal eord injuries are often the result of blunt trauma 
(auto aeeidents, falls) or penetrating trauma (gunshot wounds, 
shrapnel). Immediate medieal eare afterthe injury is eritieal for reeovery. 

Physieal examination ean pinpointthe loeation of the injury. The level of 
sensory loss is indieated by the surface dermatomes that are affeeted (look 
ahead to -igure 14.6). Dermatomes also indieate the level of motor loss. 

Spinal eord injuries are elassified as ineomplete or eomplete. ineom- 
plete lesions include spinal eord eoneiission, contusion, or eompression 
without anatomieal dismption of the spinal eord itself. Some reeovery 
from ineomplete lesions ean be expected. The best indieator of an ineom- 
plete spinal eord injury is saeral sparing, or intaet saeral nerves. Muscle 
movement of the great toe (S^), sensory preservation in the perianal area 
(S 2 —S 4 ) # and motor eontrol of the anal sphineter (S 2 -S 4 ) indieate an ineom- 
plete injury with potential return of function. Nofunctional return within 
the first 24 hours indieates a eomplete spinal injury with a poor prognosis 
for functional return. 

Spinal shoek following a spinal eord injury is a period when all 
neurologic aetivity below the level of injury is lost, including motor, sen- 
sory 7 reflex 7 and autonomic function. This loss of nerve conduction is due 
to dismpted cellular potassium ion flow. Spinal shoek may last for a few 
weeks and is dinieally eonsidered at an end when saeral reflexes return. 

The level of spinal eord injury determines residual function. If the 
lesion is at C 3 or above, all of the muscles of respiration, including the 
diaphragm, are paralyzed and artifieial ventilation is required. If the 
lesion is lower in the eervieal eord, then shoulder, arm, forearm, and 
some hand function may be spared. Paralysis of all four limbs is ealled 



quadriplegia. Thoraeie eord lesions spare the upper extremities but 
affeet the trunk and abdomen, lower extremities, bowel, bladder, and 
pelvie function. This is known as paraplegia. Injuries in the lumbar 
spine cause some impairments in the hips and lower extremities, bowel, 
bladder, and sexual function. 



Autopsy disseetion speeimen of a traumatic spinal eord injury. Sharp fracture 
fragments have caused a small tear in the dura mater, araehnoid mater, and 
pia mater allowing nerve roots of the cauda equina to protrude. 



Aseending traets earry sensory information toward the brain, and 
deseending traets earry motor eommands into the spinal eord. Within eaeh 
column, the traets are separated aeeording to the destination of the motor 
information or the source of the sensory information. As a result, the traets 
show a regional organization similar to that found in the nuclei of the gray 
matter igure 14.3b,c' . (Chapter 15 discusses the major CNS traets.) 



CONCEPT CHECK 

5 A patient vvith polio—a viral infeetion of motor 
neurons—has lost the use of his leg rrmseles. In vvhat 
area of his spinal eord would you expect to find the 
infeeted motor neurons? 

6 What is the differenee between aseending traets and 
deseending traets in the white matter? 


See the blue Ansvvers tab at the baek of the book. 


14.4 Spinal Nerves 

► KEY POINT We identify spinal nerves by their assoeiation with adjaeent verte- 
brae. Three layers of eonneetive tissue surround eaeh peripheral nerve: an outer 
epineurium, a eentral perineurium, and an inner endoneurium. 

There are 31 pairs of spinal nerves: 8 eervieal, 12 thoraeie, 5 lumbar, 5 saeral, and 
1 eoeeygeal spinal nerve. We identiíy eaeh pair by its assoeiation with an adjaeent 
vertebra. Every spinal nerve has a regional number (refer to ure 14.1, p. 362). 

In the eervieal region, the first pair of spinal nerves, C 1? exits between the 
skull and the first eervieal vertebra. For this reason, eervieal nerves take their 


names from the vertebra immediately inferior to them. In other words, eervieal 
nerve C 2 exits from the vertebral column superior to vertebra C 2 , and the same 
system is used for the rest of the eervieal spinal nerves. 

The transition from this identifieation method occurs between the last eervieal 
and first thoraeie vertebrae. The spinal nerve lying between these two vertebrae is 
designated C 8 ( : igure 14.1 b). Thus, there are seven eervieal vertebrae but eight 
eervieal nerves. Spinal nerves caudal to the first thoraeie vertebra take their names from 
the vertebra immediately superior to them. Thus, the spinal nerve T t emerges immedi- 
ately inferior to vertebra T t , spinal nerve T 2 exits inferior to vertebra T 2 , and so forth. 

Three layers of eonneetive tissue surround eaeh peripheral nerve: an outer 
epineurium, a eentral perineurium, and an inner endoneurium gure 14.4 . 
The arrangement of these layers is eomparable to the eonneetive tissue layers in 
skeletal muscles. The epineurium is a tough fibrous sheath forming the outermost 
layer of a peripheral nerve. It eonsists of dense irregular eonneetive tissue mainly 
eomposed of eollagen fibers and fibroeytes. At eaeh intervertebral foramen, the epi- 
neurium of a spinal nerve is continuous with the dura mater of the spinal eord. 

The perineurium is eomposed of collagenous fibers, elastie fibers, and 
fibroeytes. The perineurium divides the nerve into a series of eompartments 
that eontain bundles of axons. A single bundle of axons is known as a faseiele, 
or fasciculus. Peripheral nerves must be isolated and proteeted from the 
ehemieal eomponents of the interstitial fluid and the general circulation. The 
eonneetive tissue fibers and fibroeytes of the perineurium serve this function, 
forming the blood-nerve barrier. 

The endoneurium surrounding eaeh individual axon is eomposed of 
loose, irregularly arranged eonneetive tissue eontaining delieate eollagen and 
elastie eonneetive tissue fibers and a few isolated fibroeytes. Capillaries pieree 
the epineurium and perineurium and braneh in the endoneurium, providing 
oxygen and nutrients to the axons and Schwann eells of the nerve. 
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Figure 14.4 Anatomy of a Peripheral Nerve. A peripheral nerve eonsists of an outer epineurium 
enelosing a variable number of faseieles (bundles of nerve fibers). The faseieles are vvrapped by the 
perineormm, and vvithin eaeh faseiele the individual axons # vvhieh are vvrapped in Sehvvann eelIs, are 
surrounded by the endoneurium. 
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A typieal peripheral nerve and 
its eonneetive tissue wrappings 
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A seanning eleetron mierograph showing the various 
layers in great detail (x 340) 


Peripheral Distribution of Spinal Nerves 

► KEY POINT All spinal nerves have two branehes (dorsal ramus and ventral 
ramus). Spinal nerves T^ to L 2 have four branehes: dorsal and ventral rami plus a 
white ramus communicans and a gray ramus communicans. 

As the dorsal and ventral roots of a spinal nerve pass through an intervertebral 
foramen, they unite to form the spinal nerve. Distally, the spinal nerve divides 
into several branehes. All spinal nerves form two branehes: a dorsal ramus and 
a ventral ramus. Spinal nerves to L 2 have four branehes: (1) a white ramus 
(ramus , braneh) communicans, (2) a gray ramus communicans, (3) a dorsal 
ramus, and (4) a ventral ramus gure 14.2). 

The rami eomrmmieantes earry viseeral motor fibers to and from a nearby 
aiitonomie ganglion assoeiated with the sympathetie division of the ANS. (We 
will discuss the sympathetie division in ehapter 17.) Because preganglionie axons 
are myelinated, the braneh earrying those fibers to the ganglion has a light eolor, 
and it is known as the white ramus communicans ( vvhite communicating ramus). 
Two groups of unmyelinated postganglionie fibers leave the ganglion. Those inner- 
vating glands and smooth muscles in the body wall or limbs form a seeond braneh, 
the gray ramus communicantes (gray communicating ramus), that rejoins the spi- 
nal nerve. The gray ramus is proximal to the white ramus. Preganglionie or postgan- 
glionie fibers innervating internal organs do not rejoin the spinal nerves. Instead, 
they form a series of separate autonomic nerves, such as the splanehnie nerves, 
involved with regulating the aetivities of organs in the abdominopelvie eavity. 

The dorsal (posterior) ramus of eaeh spinal nerve reeeives sensory 
innervation from, and sends motor innervation to, the skeletal muscles of the 
baek. The relatively large ventral (anterior) ramus supplies the ventrolateral 
body surface, structures in the body wall, and the limbs. 

The distribution of the sensory fibers within the dorsal and ventral rami 
illustrates the segmental division of labor along the length of the spinal eord 
(Figure 14.5b]. Eaeh pair of spinal nerves supplies a speeifie region of the 


skin, an area known as a dermatome gure 14.6 . Dermatomes are elini- 
eally important because damage to either a spinal nerve or dorsal root ganglion 
will produce a eharaeteristie loss of sensation in speeifie areas of the skin. 


14.4 



CONCEPT CHECK 

7 Deseribe, in order from outermost to innermost, 
the three eonneetive tissue layers surrounding eaeh 
peripheral nerve. 

8 Distinguish betvveen a vvhite ramus and a gray ramus. 


5ee the blue Ansvvers tab at the baek of the book. 


14.5 Nerve Plexuses 

► KEY POINT There are four major nerve plexuses: eervieal, braehial, lumbar, 
and saeral. 

The distribution pattern illustrated in ure 14.5 applies to spinal nerves T^-L^. 
White rami communicantes are found only in these segments; however, gray rami 
communicantes, dorsal rami, and ventral rami are eharaeteristie of all spinal nerves. 

The dorsal rami provide roughly segmental sensory innervation, as evideneed by 
the pattern of dermatomes. The segmental alignment isn’t exact, because the bound- 
aries are impreeise, and there is some overlap between adjaeent dermatomes. In adult 
spinal eord segments eontrolling the skeletal musculature of the neek and the upper 
and lower limbs, the ventral rami do not proeeed direetly to their peripheral targets. 
Instead, during embryonie development the ventral rami of adjaeent spinal nerves 
blend their fibers and produce a series of compound nerve tmnks. Such a complex, 
interwoven network of nerves is ealled a nerve plexus (PLEK-sus; u braid”). 

Nerve plexuses form during embryonie development as small skeletal mus- 
eles fuse with their neighbors to form larger muscles. Although the anatomieal 
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Figiire 14.E Peripheral Distribution of Spinal Nerves. Diagrammatie 
view i11ustrating the distribution of fibers in the major branehes of a 
representative thoraeie spinal nerve. 




The distribution of motor neurons in the spinal eord and motor fibers 
within the spinal nerve and its branehes 




A eomparable view showing the distribution of sensory neurons and sensory fibers 


boundaries between the embryonie muscles disappear, the 
original pattern of innervation remains intaet. Therefore, 
“nerves" innervating these muscles in the adult eontain 
sensory and motor fibers from the ventral rami that inner- 
vated the embryonie muscles, forming nerve plexuses. 
These plexuses are the eervieal plexus, braehial plexus, 
lumbar plexus, and saeral plexus igure 14.1 . 

The Cervical Plexus 

► KEY POINT The eervieal plexus eonsists of cutaneous 
branehes that innervate areas of the head, neek, and ehest. 
These are the largest branehes of the eervieal plexus. It also 
includes smaller muscular branehes that innervate the mus- 
eles of the larynx. 

Spotlight Figure 14.8 and Mgure 14.9c illustrate the 
anatomy of the eervieal plexus, which is eomposed of 
cutaneous and muscular branehes of the ventral rami of 
spinal nerves Ci-C 4 and some nerve fibers from C 5 . 


Figure 14.6 Dermatomes. Anterior and posterior 
distribution of dermatomes; the related spinal nerves 
are indieated for eaeh dermatome. 
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Figure 14.7 Peripheral Nerves and Nerve Plexuses 
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FIGURE 14.8 

The Cervical and Braehial Plexuses 




The eervieal plexus eonsists of 
cutaneous and muscular branehes from 
the ventral rami of spinal nerves C-|-C 4 
and some fibers from C 5 . The plexus lies 
deep to the sternoeleidomastoid and 
anterior to the middle sealene and levator 
scapulae. The cutaneous branehes of 
this plexus innervate areas on the head, 
neek, and ehest. 


Cranial Nerves 

The eervieal plexus supplies small branehes to the 
hypoglossal nerve and the aeeessory nerve 
through Ci. 


Hypoglossal 
nerve (XII) 


Aeeessory 
nerve (XI) 


Lesser Oeeipital Nerve 

The lesser oeeipital nerve 
originates from C2 and 
reeeives sensory information 
from the skin of the neek and 
the sealp posterior and 
superior to the ear. 


Nerve Roots of the 


Cervical Plexus 


The eervieal plexus 
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nerves. 
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Nerves to Rhomboids and 
Serratus Anterior 

Motor fibers originating at 
C5 innervate the rhomboids 
(major and minor) and a 
portion of the serratus 
anterior. 


Supraclavicular Nerves 

The supraclavicular nerves 
originate from C3 and C4 as 
a eommon trunk. This trunk 
reeeives sensory input from 
the skin of the neek and 
shoulder. 


Phrenie Nerve 

The phrenie nerve, which provides sensory 
information from, and motor innervation to, the 
diaphragm, originates from C4, with minor 
contributions from C3 and Cs. 



Great Auricular Nerve 

The great auricular nerve 
arises from C2 and C3 and 
erosses anteriorly to the 
sternoeleidomastoid and travels 
toward the parotid gland, where 
it divides. This nerve reeeives 
sensory information from the 
skin over the gland, the 
posterior aspeet of the ear, and 
skin of the neek. 


Transverse Cervical Nerve 

The transverse eervieal nerve 
originates from C3 and C4 and 
reeeives sensory input from the 
skin of the anterior triangle of 


the neek. 


Ansa Cervicalìs 

The ansa eerviealis originates 
from branehes of Ci-C3 (and 
sometimes C4) and travels 
inferiorly with fibers from 
eranial nerve XII. The ansa 
eerviealis innervates five of the 
extrinsic laryngeal muscles. 
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The braehial plexus is larger and more complex than the 
eervieal plexus. It originates from the ventral rami of spinal 
nerves C 5 -T) and innervates the peetoral girdle and upper limb. 
The ventral rami eonverge to form the superior, middle, and 
inferior trnnks. 


Nerves 


The nerves of the braehial plexus 
arise from one or more trnnks or 
eords whose names indieate their 
positions relative to the axillary 
artery, a large artery supplying the 
upper limb. 


Dorsal scapular nerve 


Nerve to subclavius 


Suprascapular nerve 


The lateral eord forms the musculo- 
cutaneous nerve exclusively and, 
together with the medial eord, 
contributes to the median nerve. 
The ulnar nerve is the other major 
nerve of the medial eord. The 
posterior eord forms the axillary 
nerve and the radial nerve. 
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All three posterior divisions unite to 
form the posterior eord, while the 
anterior divisions of the superior and 
middle trnnks unite to form the lateral 
eord. The medial eord is formed by a 
continuation of the anterior division of 
the inferior trunk. 
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trnnks then 
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posterior 
division. 


The C 5 and C 6 
ventral rami 
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siiperior trunk; 
the C 7 ventral 
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The roots of the braehial 
plexus originate from the 
ventral rami of spinal 
nerves C 5 -T-|. 
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Figure 14.9 The Braehial Plexus 
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CLIN ICAL NOTE 



This anterior view of the braehial 
plexus shows the loeation and 
distribution of major peripheral 
nerves. 
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This posterior view of the braehial 
plexus shows the loeation and 
distribution of the nerves. 
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Testing Sensory Nerves 

Function of the sensory nerves ean be tested very preeisely with 
a pinpriek onee the distribution of the individual cutaneous 
nerves is known. 
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Figure 14.9 (continued) 
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This disseetion shovvs the major nerves originating 
from the eervieal and braehial plexuses. 
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The Braehial Plexus 

► KEY POINT The braehial plexus arises from the rami of spinal nerves C s -T^ 
and innervates the peetoral girdle and upper limb. 

Spotlight Figure 14.8 and igure 14.9 illustrate the anatomy of the 
braehial plexus, which is larger and more complex than the eervieal plexus. 
Table 14.1 provides further information about the nerves of the braehial plexus. 

The Liimbar and Saeral Plexuses 

► KEY POINT The muscles of the pelvis and lovver limb, like the muscles of the 
peetoral girdle and upper limb, are innervated by nerves from tvvo plexuses—the 
lumbar and saeral plexuses. 

The lumbar plexus and the saeral plexus originate from the lumbar and 
saeral segments of the spinal eord. The ventral rami of these nerves innervate 
the pelvis and lower limb. Because the ventral rami of both plexuses innervate 
muscles of the lower limb, the lumbar and saeral plexuses are often referred to 
as the liimbosaeral plexus. Spotlight Figure 14.10 and igure 14.1 illus- 
trate the anatomy of the lumbar plexus and saeral plexus. 

Although dermatomes provide clues to the loeation of injuries along the 
spinal eord, loss of sensation at the skin does not pinpoint the site of injury 
because dermatome boundaries are not elearly defined lines ( gure 14.6, 
p. 368). We ean draw more exact conclusions from the loss of motor eon- 
trol based on the origin and distribution of the peripheral nerves originating 
at nerve plexuses. When assessing motor performanee, we must distinguish 
between the conscious ability to eontrol motor aetivities and the performanee 
of automatic, involuntary motor responses. 



CONCEPT CHECK 

9 lnjury to vvhieh of the nerve plexuses would interfere 
with the ability to breathe? 

10 Which nerve plexus may have been damaged if 
motor aetivity in the arm and forearm are affeeted 
by injury? 


See the blue Ansvvers tab at the baek of the book. 


14.6 Reflexes 

► KEY POINT Reflexes help preserve homeostasis by enabling us to respond 
rapidly to ehanges in the internal or external environment. 

Conditions inside or outside the body ehange unexpectedly. A reflex is an 
immediate involuntary motor response to a speeifie stimulus ures 14.12 
to 14.15). Reflexes help preserve homeostasis by making rapid adjustments in 
the function of organs or organ systems. A reflexive response seldom varies— 
aetivation of a particular reflex alvvays produces the same motor response. The 
neural << wiring ,, of a single reflex is ealled a reflex are. A reflex are begins at 
a reeeptor and ends at a peripheral effeetor, such as a muscle or gland eell. 
Figure 14.1 illustrates the five steps involved in a reflex are: 

Step 1: Stirmilation and aetivation of reeeptor. There are many types of 
sensory reeeptors (the general eategories of sensory reeeptors were intro- 
duced in ehapter 13). Eaeh reeeptor has a eharaeteristie range of sensitiv- 
ity; some reeeptors, such as pain reeeptors, respond to almost any stimulus. 


Table 14.1 


The Braehial Plexus 


Spinal Segments 

Nerve(s) 

Distribution 

C 4 -C 6 

Nerve to subclavius 

Subclavius 

C 5 

Dorsal scapular nerve 

Rhomboid and levator scapulae 

^5 - ^7 

Long thoraeie nerve 

Serratus anterior 

^5/ ^6 

Suprascapular nerve 

Supraspinatus and infraspinatus; sensory from shoulder joint and scapula 

C 5 -Ti 

Peetoral nerves (medial 
and lateral) 

Peetoralis muscles 

^ 5 , C 6 

Subscapular nerves 

Subscapularis and teres major 

C 6 -C 8 

Thoraeodorsal nerve 

Latissimus dorsi 

^5, C 6 

Axillary nerve 

Deltoid and teres minor; sensory from skin of shoulder 


Medial antebraehial 
cutaneous nerve 

Sensory from skin over anterior, medial surface of arm and forearm 

C 5 -Ti 

Radial nerve 

Many extensor rrmseles on the arm and forearm (trieeps braehii, anconeus, extensor earpi radialis, extensor 
earpi ulnaris, and braehioradialis; supinator digital, extensor muscles, and abductor pollieis via the e/eep braneh; 
sensory from skin over the posterolateral surface of the limb through the posterior braehial cutaneous nerve 
(arm), posterior antebraehial cutaneous nerve (forearm), and the superficial braneh (radial portion of hand) 


Musculocutaneous 

nerve 

Flexor muscles on the arm (bieeps braehii, braehialis, and eoraeobraehialis; sensory from skin over lateral 
surface of the forearm through the lateral antebraehial cutaneous nerve 

C 6 -Ti 

Median nerve 

Flexor muscles on the forearm (flexor earpi radialis and palmaris longus; pronator quadratus and pronator 
teres; radial half of flexor digitorum profundus, digital flexors (through the anterior interosseous nerve ); 
sensory from skin over anterolateral surface of the hand 

C 8 ,T, 

Lllnar nerve 

Flexor earpi ulnaris, ulnar half of flexor digitorum profundus, adductor pollieis, and small digital muscles 
through the deep braneh ; sensory from skin over medial surface of the hand through the superficial braneh 
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CLINICAL NOTE 


Loealized Peripheral Neuropathies 

Generalized peripheral neuropathies affeet the entire PNS. 

They include the very eommon diabetie neuropathy as well as the 
uncommon Guillain-Barré syndrome (see eiinieal Case 7 p. 359). 
Loealized peripheral neuropathies # or peripheral nerve palsies, are 
eharaeterized by regional losses of sensory and motor function as a 
result of nerve trauma or eompression. 

Braehial plexus birth palsy, also known as Erb's palsy , is due 
to nerve trauma during difficult deliveries. Trying to quickly deliver a 
baby's shoulders after its head is delivered ean streteh the head away 
from the resistant shoulder # tearing the upper ventral rami, or nerve 
roots # of the braehial plexus. This causes loss of shoulder sensation 
and motion but preserves function of the forearm and hand (inner- 
vated by lower nerve roots). 

You are probably familiar with some pressure palsies. Sitting 
on your foot ean cause it to "fall asleep" with resolving numbness 
and "pins-and-needles" paresthesias. Llsing a crutch that is too long 
and exerts pressure on the posterior eord of the braehial plexus ean 
cause radial nerve palsy resulting in wrist drop (difficulty lifting the 
wrist). Carpal tunnel syndrome is an entrapment neuropathy that 
responds well to surgical release. If you bump the medial side of your 
elbow # you may experience temporary ulnar nerve palsy that causes 
transient dysfunction of the ulnar nerve posterior to the media 
humeral epieondyle, eommonly known as hitting your "funny bone." 
A protruding lumbar dise exerting pressure on lumbosacral nerve 
roots in the cauda equina often causes seiatiea, a eommon peripheral 
neuropathy. The resulting sensory and motor loss ean define the exact 
loeation of dise pressure. 




Patient with braehial plexus birth palsy (Erb's palsy). Note the paralysis of the 
braehial region and shoulder girdle. 
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CLI N ICAL NOTE 


Lumbar Puncture and Sponai Anesthesia 

A lumbar puncture # or spinal tap # is a medieal procedure 
performed to eolleet eerebrospinal fluid (CSF) for diagnostie 
purposes. Llnder sterile eonditions using loeal anesthesia # a 
elinieian inserts a hollow needle into the subarachnoid spaee to 
extract a sample of CSF. The needle is inserted into the largest 
intervertebral spaces # usually between L 3 and L 4 or L 4 and L 5 . 

There is no more spinal eord at this level # only lumbosacral periph- 
eral nerve roots that ean easily roll out of harm's way. The fluid 
eolleeted ean be studied for infection # blood # or metabolie wastes. 

Epidural anesthesia ean be a very effeetive obstetrieal 
anesthesia # bloeking pain but preserving some motor function # 
important when it eomes time to "push." A small eatheter is 
threaded into the posterior spaee between the bony lumbar ver- 
tebra and the dura mater. Continuous anesthesia ean be dripped 
into this space # providing pain relief for the duration of labor 
and delivery. 

Spinal anesthesia ean be used when both sensory and 
motor function should be blocked # as in lower extremity sur- 
gery. A elinieian injeets an anesthetie agent direetly into the 
CSF at the lower lumbar level # temporarily bloeking sensory and 
motor aetivity. 


Dura mater 


Epidural spaee 


Body of third 
lumbar vertebra 


lnterspinous 

ligament 

Lumbar puncture 

needle 


Cauda equina in 
subarachnoid spaee 


Filum terminale 



The lumbar puncture needle should be inserted in the midline between 
the third and fourth lumbar vertebral spines, pointing at a superior angle 
toward the umbilicus. The needle should puncture the dura mater and 
enter the subarachnoid spaee, near the nerves of the cauda equina # to 
obtain a sample of CSF. 
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SPOTLIGHT 


FIGIIRE 14.10 


The Lumbar and Saeral Plexuses 


The lumbar plexus and saeral plexus originate from the lumbar and 
saeral segments of the spinal eord, respeetively. The nerves 
originating from these plexuses innervate the pelvie girdle and lower 
limbs. Because the ventral rami of both plexuses are distributed to 
the lower limbs and spinal nerves L4 and L5 are involved, these two 
plexuses are eolleetively referred to as the lumbosacral plexus. 





T 12 subcostal nerve 


The lumbar plexus originates from the ventral rami 
of T12-L4. The major nerves of the plexus are the 
lateral femoral cutaneous nerve, the genitofemoral 
nerve, and the femoral nerve. 


Nerve Roots of 
Lumbar Plexus 

The lumbar 
plexus is 
formed by the 
ventral rami of 
T12-L4. 


lliohypogastrie Nerve 

The iliohypogastrie nerve originates from the ventral rami of 
T)2 and Li. It innervates the external and intemal oblique 
and transverse abdominis. It reeeives sensory information 
from the skin over the inferior abdomen and the buttocks. 



llio-inguinal Nerve 

The ilio-inguinal nerve originates from the ventral ramus of 
Li. It innervates the extemal and internal oblique and 
transverse abdominis. It reeeives sensory information from 
the skin over the superior and medial thigh and portions of 
the extemal genitalia. 


Lateral Femoral Cutaneous Nerve 

The lateral femoral cutaneous nerve originates from the 
ventral rami of L2 and L3. It reeeives sensory information 
from the skin over the anterior, lateral, and posterior thigh 


Genitofemoral Nerve 

The genitofemoral nerve originates from the ventral rami of 
Li and L2. It reeeives sensory information from the skin over 
the anteromedial surface of the thigh and portions of the 
external genitalia. 


Branehes of genitofemoral nerve: 

Femoral braneh 


Genital braneh 


The femoral nerve originates from the ventral rami of L2-L4. 
It innervates the quadriceps femoris, sartorius, pectineus, 
and iliopsoas. It reeeives sensory information from the skin 
of the anteromedial surface of the thigh and the medial 
surface of the leg and foot. 







Obturator Nerve 


The obturator nerve originates from the ventral rami 
of L 2 -L 4 . It innervates the graeilis and obturator 
externus, and the adductor magnus, brevis, and 
longus. It reeeives sensory information from the 
medial surface of the thigh. 
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The saeral plexus is formed by the ventral rami 
of L4-S4. Part of the ventral ramus of L4 and the 
ventral ramus of L 5 form the lumbosacral trnnk, 
which joins the saeral plexus. The five major 
nerves of the saeral plexus are discussed below. 


Braneh of L4 


Superior Glnteal Nerve 

The siiperior gluteal nerve originates from the ventral 
rami of L4-S1. It innervates the gluteus minimus, 
gluteus medius, and tensor faseiae latae. 


Inferior Gluteal Nerve 

The inferior gluteal nerve originates from the ventral 
rami of L5-S2. It innervates the gluteus maximus. 



Seiatie Nerve 

The seiatie nerve is the largest nerve in the body. It 
originates from the ventral rami of L4-S3 and innervates 
the semimembranosus, semitendinosus, and adductor 
magnus. 


Posterior Femoral Cutaneous Nerve 

The posterior femoral cutaneous nerve originates from 
the ventral rami of S1-S3. It reeeives sensory 
information from the perineum and the posterior 
surface of the thigh and leg. 


Pudendal Nerve 

The pudendal nerve originates from the ventral rami 
of S2-S4. It innervates muscles of the perineum, 
including the urogenital diaphragm and the external 
anal and urethral sphineters. It reeeives sensory 
information from the external genitalia and related 
skeletal muscles (the bulbospongiosus and 
ischiocavernosus). 



Branehes of the Seiatie Nerve 

The seiatie nerve branehes into the tibial and fibular nerves as it 
approaehes the popliteal fossa. (See Figtire 14.11) 


Tibial Nerve: 


Innervates the flexors of the knee and plantar flexors 
of the ankle; flexors of the toes; and skin over the 
posterior surface of the leg and the plantar surface of 
the foot. 


Fibular Nerve: Innervates the short head of the bieeps femoris, the 

fibularis longus, fibularis brevis, and tibialis anterior, 
and the extensors of the toes. It reeeives sensory 
information from the anterior surface of the leg and 
skin over the lateral portion of the foot (through the 
sural nerve). 
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Figure 14.11 Peripheral Nerves Originating from the Liimbar and Saeral Plexuses 


Nerves Originating from 
the Lumbar Plexus 

lliohypogastrie nerve 

llio-inguinal nerve 
Genitofemoral nerve 

Lateral femoral 
cutaneous nerve 

Femoral nerve 
Obturator nerve 


Saphenous nerve 


Oommon Fibular Nerve 
and its Branehes 

Oommon fibular nerve 


Superficial fibular nerve 


Deep fibular nerve 


Subcostal nerve 



Nerves Originating 
from the Saeral Plexus 

Superior gluteal nerve — 
Inferior gluteal nerve — 

Posterior femoral- 

cutaneous nerve 

Pudendal nerve- 

Seiatie nerve- 



Branehes of 
the Seiatie Nerve 


Tibial nerve 


Oommon fibular 
nerve 


Medial sural 
cutaneous nerve 


Lateral sural 
cutaneous nerve 


Sural nerve 


Medial plantar nerve 


Lateral plantar nerve 



The lumbar and saeral 
plexuses, anterior view. 



The saeral plexus, 
posterior view. 
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Figure 14.11 ( continued) 


Gluteus maximus 

(cut) 


Inferior gluteal nerve 


Pudendal nerve 

Perineal braneh 

Inferior anal 
braneh 


Posterior femoral 
cutaneous nerve 

Perineal branehes 


Deseending 
cutaneous braneh 


Semitendinosus 


Tibial nerve 
Popliteal artery and vein 

Medial sural cutaneous 

nerve 


Gastrocnemius 


Small saphenous vein 


Calcaneal tendon 


Tibial nerve 
(medial ealeaneal braneh) 



Gluteus medius 
(cut) 


Gluteus 

minimus 

Superior 
gluteal nerve 


Piriformis 


Seiatie nerve 


Bieeps femoris 
(cut) 


Common fibular 
nerve 


Lateral sural 
cutaneous nerve 


Sural nerve 



Posterior view of the right hip and 
lower limb detailing the distribution 
of peripheral nerves. 


Intemal 

pudendal 

artery 

Pudendal 

nerve 

Nerve to 
gemellus 
and 
obturator 
intemus 



Gluteus 
maximus (cut) 

Superior gluteal 
artery and nerve 


Gluteus medius 

Inferior gluteal 
nerve 

Piriformis 


Seiatie nerve 

Posterior femoral 
cutaneous nerve 


Gluteus 

maximus 



A disseetion of the right gluteal region. 


Semitendinosus 

Graeilis 

Semimembranosus 

Popliteal artery 

Sartorius 


Nerve to 
medial head 
of gastrocnemius 


Gastrocnemius, 
medial head 

Medial sural 
cutaneous nerve 



Bieeps femoris 


Tibial nerve 


Common fibular 
nerve 

Lateral sural 
cutaneous nerve 

Plantaris 


Nerve to lateral 
head of 
gastrocnemius 


Gastrocnemius, 
lateral head 



A disseetion of the popliteal fossa. 
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Figure 14.1 A Reflex Are. This diagram illustrates the five steps involved ín a neural reflex. 




Stimulation and 
aetivation of reeeptor 



Stimulus 



Response by effeetor 



Aetivation of a 
sensory neuron 


Dorsal 


Reeeptor 



Sensation 
relayed to 
the brain 



Information proeessing 
in CNS 


Aetivation of a 
motor neuron 



KEY 

— Sensory neuron 
(stimulated) 

1 Excitatory 

interneuron 

— Motor neuron 
(stimulated) 


These reeeptors, which are the dendrites of sensory neurons, are stimulated 
by pressure, temperature extremes, physieal damage, or exposure to abnor- 
mal ehemieals. Other reeeptors, such as visual, auditory, or taste reeeptors, 
are speeialized eells that respond to only a limited range of stimuli. 

Step 2: Aetivation of a sensory neuron. Information is earried in the form of 
an aetion potential along an afferent fiber. In this ease, the axon conducts the 
aetion potential into the spinal eord through one of the dorsal roots. 

Step 3: Information proeessing in CNS. Information proeessing begins when 
the neurotransmitter released by the axon terminals of a sensory neuron 
reaehes the postsynaptie membrane of a motor neuron or interneuron. In 
the simplest reflexes, this proeessing is performed by the motor neuron eon- 
trolling the peripheral effeetors. In more complex reflexes, one or more inter- 
neurons are loeated between the sensory and motor neurons, and both serial 
and parallel proeessing occur. This type of information proeessing seleets the 
appropriate motor response through the aetivation of speeifie motor neurons. 

Step 4: Aetivation of a motor neuron. When a motor neuron is stimulated to 
threshold, it conducts an aetion potential through the ventral root of a spinal 
nerve to the peripheral effeetor organ. 

Step 5: Response by effeetor. Aetivation of the motor neuron causes a response 
by a peripheral effeetor, such as a skeletal muscle or gland. Reflexes play an 
important role in opposing potentially harmful ehanges in the internal or 
external environment. 

eiassifieation of Reflexes 

► KEY POINT Reflexes are elassified aeeording to (1) their development (in- 
nate or acquired), (2) their response (somatie or viseeral), (3) the complexity of 
the circuit (monosynaptie or polysynaptie), and (4) their proeessing site (spinal or 
eranial). 

gure 14.13 eompares the four different eriteria used to elassify reflexes: 
development, response, complexity of circuit, and proeessing site. These eate- 
gories are not mutually exclusive; they represent different ways of deseribing a 
single reflex. 

In the simplest reflex are, a monosynaptie reflex, a sensory neuron syn- 
apses direetly on a motor neuron igure 14.14a). Transmission of informa- 
tion aeross a ehemieal synapse always involves a synaptie delay, but with only 
one synapse, the delay between stimulus and response is minimized. 


A polysynaptie reflex is more complex and has a longer delay between the 
stimulus and response gure 14.15b . The length of the delay depends on the 
number of synapses involved. Polysynaptie reflexes produce far more eomplieated 
responses because the internemons eontrol several different muscle groups. The 
motor responses in a polysynaptie reflex are extremely eomplieated; for exam- 
ple, stepping on a sharp objeet not only causes withdrawal of the foot, but also 
initiates all the muscular adjustments needed to prevent a fall. Such complex 
responses result from the interaetions between multiple interneuron pools. 

Spinal Reflexes 

The best-known spinal reflex is the streteh reflex. It is a simple monosyn- 
aptie reflex providing the automatic regulation of skeletal muscle length 
(Figure 14.15a . The stimulus stretehes a relaxed muscle, aetivating a sensory 
neuron and triggering the eontraetion of that muscle. The streteh reflex also 
adjusts autonomic muscle tone, inereasing or deereasing it in response to infor- 
mation provided by the streteh reeeptors of muscle spindles gure 14.15a' . 
(We will discuss muscle spindles in ehapter 18.) 

The most familiar streteh reflex is the patellar reflex (also known as the 
knee jerk reflex). In this reflex, a sharp tap on the patellar ligament stretehes 
muscle spindles in the quadriceps femoris Figure 14.15b . Because the stim- 
ulus is so brief, the reflexive eontraetion is unopposed and produces a notiee- 
able kiek. Clinicians use this reflex to eheek the status of the lower segments of 
the spinal eord. A normal patellar reflex indieates that spinal nerves and spinal 
segments L 2 -L 4 are undamaged. 

The streteh reflex is an example of a postural reflex, a reflex that main- 
tains normal upright posture. Postural muscles usually have a firm muscle tone 
and extremely sensitive streteh reeeptors. As a result, very fine adjustments are 
continually being made; you are not aware of the eyeles of eontraetion and 
relaxation that occur. 

Higher Centers and Integration of Reflexes 

Reflexive motor aetivities occur automatically, without instmetions from higher 
eenters in the brain. However, higher eenters ean have a profound effeet on reflex 
performanee. For example, higher eenters within the brain enhanee or suppress 
spinal reflexes by modifying the information earried in deseending traets that 
synapse on interneurons and motor neurons throughout the spinal eord. 

Motor eontrol therefore involves a series of interaeting levels. At the lowest 
level are monosynaptie reflexes that are rapid and seldom ehange. At the high- 
est level are eenters in the brain that ean modify reflexive motor patterns. 
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Figure 14.13 The Classification of Reflexes. Four different methods are used to elassify reflexes. 



ean be elassified by 



Development 


Innate Reflexes 


• Genetieally 
determined 


Response 


Somatie Reflexes 


• Control skeletal muscle eontraetions 

• lnclude superficial and streteh reflexes 



Complexity of Circuit ■ Proeessing Site 


Monosynaptie 



One synapse 


Spinal Reflexes 


• Proeessing in 
the spinal eord 


Acquired Reflexes 


• Learned 


Viseeral (Autonomic) Reflexes 


• Oontrol aetions of smooth and eardiae 
muscles, glands, and adipose tissue 


Polysynaptie 


• Multiple synapses 
(two to several hundred) 


Cranial Reflexes 


• Proeessing in 
the brain 


Figure 14.14 Neural Organization and Simple Reflexes. A eomparison of monosynaptie and 
polysynaptie reflexes. 


a Monosynaptie Reflex 


Ganglion 
Sensory neuron 


Sensory reeeptor 
(muscle spindle) 



Skeletal muscle 


Motor 

neuron 


A monosynaptie reflex circuit involves a peripheral sensory neuron 
and a eentral motor neuron. In this example, stimulation of the 
reeeptor leads to a reflexive eontraetion in a skeletal muscle. 
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Figure 14.15 Streteh Reflexes 


Streteh 


Reeeptor (muscle spindle) 


Stimulus 



Stimulus aetivates 
reeeptor. Muscle 
spindle fibers are 
stretehed. 



Aetivation of a 
sensory neuron 




Aetivation of a 
motor neuron 


3 

Information 


proeessing 
in CNS 


Response by 
effeetor. Muscle 
eontraets. 



Spinal eord 





ft 









Effeetor 


Contraction 



Sensory neuron 
(stimulated) 

Motor neuron 
(stimulated) 


The patellar reflex is eontrolled by muscle 


Response 



Steps 1-5 are eommon to all streteh reflexes. 


spindles in the quadriceps femoris. The 
stimulus is a reflex hammer tapping the 
muscle tendon, stretehing the spindle fibers. 
This results in a sudden inerease in the aetivity 
of the sensory neurons, vvhieh synapse on 
spinal motor neurons. An aetion potential is 
propagated to motor units in the quadriceps 
femoris. This leads to eontraetion of the 
stretehed muscle, causing a reflexive kiek. 


14.6 CONCEPT CHECK 

11 List, in order, the five steps in a reflex are. 

12 Distinguish betvveen a monosynaptie and a 
polysynaptie reflex. 

See the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y SIIMMARY 

The adult spinal eord retains the segmental organization of the developing 
embryo, with 31 segments and 31 pairs of spinal nerves. For a siimmary of the 
development of the spinal eord and spinal nerves, see Chapter 28 (Embryology 
and Human Development). 


Study Outline 


lntroduction p.36i 

■ The eentral nervous system (CNS) eonsists of the spinal eord and 
brain. Although they are eonneeted, they have some functional 
independenee. The spinal eord integrates and proeesses information 
on its own, in addition to relaying information to and from the brain. 

14.1 Gross Anatomy of the Spinal Cord p.36i 

■ The adult spinal eord has a posterior median sulcus (shallovv) 
and an anterior median fissure (vvide). It includes loealized 
enlargements (eervieal and lumbar), vvhieh are expanded 
regions vvhere there is inereased gray matter to provide innervation 
of the limbs. fSee Figures 14.1 and 14.2.) 

m The adult spinal eord extends from the foramen magnum to 
L v The spinal eord tapers to a eonieal tip # the conus medullaris. 


The filum terminale (a strand of fibrous tissue) originates at this 
tip and extends through the vertebral eanal to the seeond saeral 
vertebra, ultimately beeoming part of the eoeeygeal ligament. (See 
Figures 14.1 and 14.2.) 

m The spinal eord has 31 segments, eaeh assoeiated vvith a pair of 
dorsal root ganglia (eontaining sensory neuron eell bodies) and 
pairs of dorsal roots and ventral roots. The first eervieal and first 
eoeeygeal nerves are exceptions # in that the dorsal roots are absent 
in many individuals. (See Figures 14.1 and 14.2.) 

m Sensory and motor fibers unite as a single spinal nerve distal 
to eaeh dorsal root ganglion. Spinal nerves emerge from the 
intervertebral foramina and are mixed nerves sinee they eontain 
both sensory and motor fibers. (See Figures 14.1 and 14.2.) 

m The cauda equina is the inferior extension of the ventral and 
dorsal roots and the filum terminale in the vertebral eanal. (See 
Figure 14.1.) 
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14.2 


Spinal Meninges p. 361 

■ The spinal meninges are a series of speeialized membranes that 
provide physieal stability and shoek absorption for neural tissues 
of the spinal eord; the eranial meninges are membranes that 
surround the brain (Chapter 16). There are three meningeal layers: 
dura mater # araehnoid mater # and pia mater. fSee Figure 14.2.) 

The Dura Mater p. 361 

■ The spinal dura mater is the tough # fibrous outermost layer that 
eovers the spinal eord; caudally # it forms the eoeeygeal ligament 
with the filum terminale. The epidural spaee separates the dura 
mater from the inner walls of the vertebral eanal. fSee Figure 14.2.) 

The Araehnoid Mater p. 364 

■ Internal to the inner surface of the dura mater is the subdural 
spaee. When present # it separates the dura mater from the middle 
meningeal layer # the araehnoid mater. Internal to the araehnoid 
mater is the subarachnoid spaee, which has a network of 
eollagen and elastie fibers # the araehnoid trabeculae. This spaee 
also eontains eerebrospinal fluid (CSF) # which aets as a shoek 
absorber and a diffusion medium for dissolved gases # nutrients # 
ehemieal messengers # and wastes. (See Figure 14.2.) 

The Pia Mater p. 364 

The pia mater is the innermost meningeal layer. It is bound firmly 
to the underlying nervous tissue. Paired denticulate ligaments 
are supporting fibers extending laterally from the spinal eord 
surface # binding the spinal pia mater and araehnoid mater to the 
dura mater to prevent side-to-side or inferior movement of the 
spinal eord. fSee Figure 14.2.) 

14.3 Seetional Anatomy of the Spinal 

Cord p. 364 

■ The eentral gray matter surrounds the eentral eanal and eontains 
eell bodies of neurons and neuroglia. The gray matter projeetions 
toward the outer surface of the spinal eord are ealled horns. The 
peripheral white matter eontains myelinated and unmyelinated 
axons in traets and columns. fSee Figures 14.1-14.3.) 

Organization of Gray Matter p. 364 

■ Neuron eell bodies in the spinal eord gray matter are organized 
into groups # termed nuclei. The posterior horns eontain 
somatie and viseeral sensory nuclei # while nuclei in the anterior 
horns are involved with somatie motor eontrol. The lateral 
horns eontain viseeral motor neurons. The gray commissures, 
posterior and anterior to the eentral canal # eontain the axons of 
interneurons that eross from one side of the eord to the other. 
fSee Figure 14.3.) 

Organization of White Matter p. 364 

■ The white matter is divided into six columns ( funicuíi ) # eaeh 
of which eontains traets. Aseending traets relay information 
from the spinal eord to the brain # and deseending traets earry 
information from the brain to the spinal eord. (See Figure 14.3.) 

14.4 Spinal Nerves p. 366 

■ There are 31 pairs of spinal nerves; eaeh is identified through its 
assoeiation with an adjaeent vertebra (cervical # thoracic # lumbar # 
sacral # and eoeeygeal). fSee Figure 14.1.) 

m Eaeh spinal nerve is wrapped in a series of eonneetive tissue layers. 
The outermost layer # the epineurium # is a dense network of 
eollagen fibers; the middle layer # the perineurium # partitions the 


nerve into a series of bundles (faseieles) and forms the blood- 
nerve barrier; and the inner layer # the endoneurium # is eomposed 
of delieate eonneetive tissue fibers that surround individual axons. 
(See Figure 14.4.) 

Peripheral Distribrition of Spinal Nerves p. 367 

■ The first braneh of eaeh spinal nerve in the thoraeie and upper 
lumbar regions is the white ramus eomirmnieans, which 
eontains myelinated axons going to an autonomic ganglion. Two 
groups of unmyelinated fibers exit this ganglion: a gray ramus 
communicans # earrying axons that innervate glands and smooth 
muscles in the body wall or limbs baek to the spinal nerve # and an 
autonomic nerve earrying fibers to internal organs. Collectively # the 
white and gray rami are termed the rami eomrrmnieantes. 

fSee Figures 14.2 and 14.5.) 

■ Eaeh spinal nerve has both a dorsal (posterior) ramus (provides 
sensory/motor innervation to the skin and rrmseles of the baek) and 
a ventral (anterior) ramus (supplies ventrolateral body surface # 
body wall structures # and limbs). Eaeh pair of spinal nerves monitors 
a region of the body surface # an area ealled a dermatome. 

(See Figures 14.2, 14.5, and 14.6.) 

14.5 Nerve Plexuses p.367 

■ A nerve plexus is a complex # interwoven network of nerves. The 
four major plexuses are the cervical # brachial # lumbar # and saeral 
plexuses. (See Spotlight Figures 14.8 and 14.10, Figures 14.2, 14.7, 
14.9, and 14.11, and Table 14.1.) 

The Gervieal Plexus p. 368 

■ The eervieal plexus eonsists of the ventral rami of C-,-C 4 and some 
fibers from C 5 . Muscles of the neek are innervated; some branehes 
extend into the thoraeie eavity to the diaphragm. The phrenie 
nerve is the major nerve in this plexus. (5ee Figures 14.7 and 14.9c 
and Spotlight Figure 14.8.) 

The Braehial Plexus p. 374 

■ The braehial plexus innervates the peetoral girdle and upper 
limbs by the ventral rami of C 5 -T v The nerves in this plexus 
originate from eords or trunks: superior, middle, and inferior 
trunks give rise to the lateral eord, medial eord, and 
posterior eord. fSee Spotlight Figure 14.8, Figures 14.7 and 
14.9, and Table 14.1.) 

The Lumbar and Saeral Plexuses p. 374 

■ Collectively, the lumbar plexus and saeral plexus originate 
from the posterior abdominal wall and ventral rami of nerves 
supplying the pelvie girdle and lower limb. The lumbar plexus 
eontains fibers from spinal segments T 12 -L 4# and the saeral plexus 
eontains fibers from spinal segments L 4 -S 4 . fSee Spotlight Figure 
14.10 and Figure 14.11.) 

14.6 Reflexes p. 374 

■ A reflex is a rapid # automatic # involuntary motor response to 
stirrmli. Reflexes help preserve homeostasis by rapidly adjusting the 
functions of organs or organ systems. (See Figures 14.12-14.15.) 

m A reflex are is the neural ## wiring" of a single reflex. (See Figure 
14.12.) 

m A reeeptor is a speeialized eell that monitors eonditions in the body 
or external environment. Eaeh reeeptor has a eharaeteristie range 
of sensitivity. 
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■ There are five steps involved in a reflex are: (1) stimiilation and 
aetivation of a reeeptor; (2) aetivation of a sensory neuron; (3) 
information proeessing in the CNS; (4) aetivation of a motor 
neuron; and (5) response by an effeetor. fSee Figure 14.12.) 

dassifieation of Reflexes p. 380 

■ Reflexes are elassified by (1) their development (innate # acquired); 
(2) their motor response (somatie, viseeral); (3) the complexity 

of the neural circuit (monosynaptie, polysynaptie); and (4) their 
proeessing site (spinal, eranial). (See Figures 14.13 and 14.4.) 

Innate reflexes are genetieally determined. Acquired reflexes are 
learned follovving repeated exposure to a stimulus. (See Figure 14.13.) 

Reflexes proeessed in the brain are eranial reflexes. In a spinal 
reflex # the important intereonneetions and proeessing occur inside 
the spinal eord. fSee Figure 14.13.) 

m Somatie reflexes eontrol skeletal muscle contractions # and viseeral 
(autonomic) reflexes eontrol the aetivities of smooth and eardiae 
muscles and glands. fSee Figure 14.13.) 

m A monosynaptie reflex is the simplest reflex. A sensory neuron 
synapses direetly on a motor neuron that aets as the proeessing 


eenter. A polysynaptie reflex has at least one interneuron loeated 
betvveen the sensory afferent and the motor efferent. Thus # 
polysynaptie reflexes have a longer delay betvveen stimulus and 
response. fSee Figures 14.13 and 14.14.) 

m Spinal reflexes range from simple monosynaptie reflexes (involving 
only one segment of the eord) to more complex polysynaptie 
reflexes (in vvhieh many segments of the eord interaet to produce a 
eoordinated motor response). (See Figures 14.14 and 14.15.) 

m A streteh reflex is a monosynaptie reflex that automatically 
regulates skeletal rrmsele length and muscle tone. The sensory 
reeeptors involved are streteh reeeptors of muscle spindles. (See 
Figure 14.15.) 

m A patellar reflex is the familiar knee jerk, wherein a tap on the 
patellar ligament stretehes the rrmsele spindles in the quadriceps 
femoris. (See Figure 14.15.) 

m A postural reflex is a streteh reflex that maintains normal upright 
posture. 

■ Higher eenters in the brain ean enhanee or inhibit reflex motor 
patterns based in the spinal eord. 




ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and 
Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. ventral root . . 

2. epidural spaee. L_ 

3. white matter . . 

4. faseiele . . 

5. dermatome. . 

6. phrenie nerve . . 

7. braehial plexus . . 

8. obturator nerve . L_ 

9. reflex . . 

10. pudendal nerve. . 

a. traets and columns 

b. speeifie region of body surface 

e. eervieal plexus 

d. motor neuron axons 

e. saeral plexus 

f. Iumbar plexus 

g. single bundle of axons 

h. involuntary motor response 

i. loose eonneetive tissue # adipose tissue 

j. peetoral girdle/upper extremity 

11. Label the following structures on the 
aeeompanying diagram of a eross seetion of 
the spinal eord. 

(a) ventral root 

(b) dorsal root ganglion 
(e) anterior median fissure 

(d) white matter 

(e) posterior median sulcus 



(a) _ 

(b) _ 

(e) _ 

(d) _ 

(e) _ 

12. Sensory and motor innervations of the skin 
of the lateral and anterior surfaces of the 
body are provided by the 

(a) white rami communicantes. 

(b) gray rami eomrrmnieantes. 

(e) dorsal ramus. 

(d) ventral ramus. 

13. The braehial plexus 

(a) innervates the shoulder girdle and the 
upper extremity. 

(b) is formed from the ventral rami of spinal 
nerves C 5 -T^. 

(e) is the source of the musculocutaneous # 
radial # median # and ulnar nerves. 

(d) all of the above 

14. The middle layer of eonneetive tissue that 

surrounds eaeh peripheral nerve is the 
(a) epineurium. (b) perineurium. 

(e) endoneurium. (d) endomysium. 


15. The expanded area of the spinal eord that 
supplies nerves to the peetoral girdle and 
upper limbs is the 

(a) conus medullaris. 

(b) filum terminale. 

(e) lumbosacral enlargement. 

(d) eervieal enlargement. 

16. Spinal nerves are ealled mixed nerves 
because 

(a) they eontain sensory and motor fibers. 

(b) they exit at intervertebral foramina. 

(e) they are assoeiated with a pair of dorsal 
root ganglia. 

(d) they are assoeiated with dorsal and 
ventral roots. 

17. The gray matter of the spinal eord is 
dominated by 

(a) myelinated axons only. 

(b) eell bodies of neurons and neuroglia. 

(e) unmyelinated axons only. 

(d) Schwann eells and satellite eells. 

18. The_is a strand of fibrous tissue 

that provides longitudinal support as a 
eomponent of the eoeeygeal ligament. 

(a) conus medullaris 

(b) filum terminale 

(e) cauda equina 

(d) dorsal root 

19. Axons erossing from one side of the spinal 
eord to the other within the gray matter are 
found in the 

(a) anterior horns. 

(b) white commissures. 

(e) gray commissures. 

(d) lateral horns. 
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20. The paired structures that eontain eell bodies 
of sensory neurons and are assoeiated with 
eaeh segment of the spinal eord are the 

(a) dorsal rami. 

(b) ventral rami. 

(e) dorsal root ganglia. 

(d) ventral root ganglia. 

21. The deep erease on the anterior surface of 
the spinal eord is the 

(a) posterior median sulcus. 

(b) posterior median fissure. 

(e) anterior median sulcus. 

(d) anterior median fissure. 

Level 2 Reviewing Ooneepts 

1. What nerve is likely to transmit pain when 
a person reeeives an intramuscular injeetion 
into the deltoid region of the arm? 

(a) ulnar nerve 

(b) radial nerve 

(e) intereostobraehial nerve 

(d) upper lateral cutaneous nerve of the arm 

2. Which of the following aetions would be 
eompromised if a person suffered an injury 
to lumbar spinal segments L 3 and L 4 ? 

(a) performing a plié (shallow knee bend) in 
ballet 

(b) sitting eross-legged in the lotus position 
(lateral side of the foot on the medial 
side of opposite thigh) 

(e) riding a horse 
(d) all of the above 


3. Tingling and numbness in the palmar region 
of the hand could be caused by 

(a) eompression of the median nerve in the 
earpal tunnel. 

(b) eompression of the ulnar nerve. 

(e) eompression of the radial artery. 

(d) irritation of the structures that form the 
superfieial arterial loop. 

4. What is the role of the meninges in 
proteeting the spinal eord? 

5. How does a reflex differ from a voluntary 
muscle movement? 

6. If the dorsal root of the spinal eord were 
damaged, what would be affeeted? 

7. Why is response time in a monosynaptie 
reflex much faster than response time in a 
polysynaptie reflex? 

8. Why are there eight eervieal spinal nerves 
but only seven eervieal vertebrae? 

9. What prevents side-to-side movements of 
the spinal eord? 

10. Why is it important that a spinal tap be 
done between the third and fourth lumbar 
vertebrae? 

Level 3 Critical Thinking 

1. The ineision that allows aeeess to the 

abdominal eavity involves cutting the sheath 
of the rectus abdominis. This muscle is always 
retraeted laterally, never medially. Why? 


2. Cindy is in an automobile aeeident and 
injures her spinal eord. She has lost feeling 
in her right hand f and her doetor tells her 
that it is the result of swelling eompressing a 
portion of her spinal eord. Which part of her 
eord is likely to be eompressed? 

3. Karen falls down a flight of stairs and suffers 
spinal eord damage due to hyperextension 
of the eord during the fall. The injury results 
in edema of the spinal eord with resulting 
eompression of the anterior horn eells of the 
spinal region. What signs would you expect 
to observe as a result of this injury? 



[-|-| CLINICAL CASE | WRAP-UP " 


A Case of the Bends 

The eompressed air in Bob # s SCUBA tank is the same mixture found 
in sea-level air f including 78 pereent nitrogen. During his last 
dive, Bob was inhaling three to four times more eompressed air 
with eaeh breath to overeome the surrounding water pressure. At 
sea level, we release all nitrogen through the lungs by e^haling, 
but this is not possible under water f so blood and tissues beeome 
loaded with dissolved nitrogen. Aseending too quiekly causes this 
nitrogen to form gas bubbles that ean elog arteries and kill eells 
distal to the bloekage. This dangerous eondition, deeompression 
siekness, is nieknamed "the bends" because sufferers often double 
over with pain. 

Nitrogen bubbles have occluded the tiny arteries of the pia mater 
feeding Bob's spinal eord at the T 10 level (see ure 14.2c). Bob's 
sensory neurologic loss (paresthesia) is at the dermatome level of 
T 10/ matehing his motor loss. He has no motor eontrol over his hips or 
legs # and he has lost bowel and bladder eontrol. We ean deseribe Bob's 
eondition as T 10 paraplegia. 

Bob is given 100 pereent oxygen by mask as the boat speeds 
to the elosest hyperbarie oxygen ehamber, which f luckily f is nearby. 
Breathing 100 pereent oxygen at pressure in the hyperbarie ehamber 
gives Bob the best ehanee for a fu11 reeovery. 

Within 3 months Bob's paraplegia has eompletely resolved. Thankful 
for this # he is happy to enjoy the sea from the surface from now on. 



1. If Bob's numbness went from his nipples to his toes, what der- 
matome level would this deseribe? 

2. If Bob's numbness and weakness included shoulder girdle, arm, 
forearm, hand # and everything distally, where should you expect 
to find the bloekage in his spinal eord circulation? 

See the blue Ansvvers tab at the baek of the book. 
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Related Ginieal Terms 


areflexia: Absenee of reflexes. 

Brown-Sequard syndrome: Loss of sensation 
and motor function that results from unilateral 
spinal eord lesions. Proprioeeption loss and 
vveakness occur ipsilateral to the lesion, vvhile 
pain and temperature loss occur eontralateral. 

eordotomy: Any operation of the spinal eord. 

hemiparesis: Slight paralysis or vveakness 
affeeting one side of the body. 

Kernig's sign: Symptom of meningitis vvhere 
patient eannot extend the leg at the knee 
due to stiffness in the hamstring muscles. 


14 


r 


nerve conduction study: Test that stimulates 
eertain nerves and reeords their ability 
to send an impulse to the rrmsele; it ean 
indieate vvhere any bloekage of the nerve 
pathvvay exists; often performed along vvith 
eleetromyography (EMG). 

nerve growth faetor: A peptide that 

promotes the grovvth and maintenanee of 
neurons. Other faetors that are important 
to neuron grovvth and repair include BDNF, 
NT-3, NT-4, and GAP-43. 

neurosis: A functional nervous system disease 
or a nerve system disorder in vvhieh no 
lesion is evident. 
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paraplegia: Paralysis involving a loss of motor 
eontrol of the lovver, but not the upper, 
limbs. 

tabes dorsalis: Slovv, progressive 

degeneration of the myelin layer of the 
sensory neurons of the spinal eord that 
occurs in the tertiary (third) phase of 
syphilis. Common signs and symptoms 
are pain, weakness # diminished reflexes # 
unsteady gait, and loss of eoordination. 


www.ebook3000.com 




These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


15.3 


15.4 



Explain how the anatomieal name of a spinal 
traet tells you where the traet begins and ends 
within the CNS. 

List and then eompare and eontrast the sensory 
traets of the spina 

List and then eompare and eontrast the motor 
traets of the spinal eord. p. 394 

Identify the eenters in the brain that interaet to 
determine somatie motor output. p. 398 




1 


Amyotrophie Lateral SeSerosis 

Stephen Hawking was a 21-year-old physies student at Oxford Llniversity in 
England when he first notieed he was growing inereasingly clumsy. He felt 
rrmsele eramping and twitching (fasciculations) in his hands and feet. Soon 
he began slurring his speeeh and had trouble swallowing. In 1963 he was 
diagnosed with amyotrophie lateral selerosis (ALS) and was given 2 years 
to live. 

Most ALS patients die 3 to 5 years after diagnosis. In spite of his 
progressive neurologic disease, Hawking continued his remarkable eareer as 
a theoretieal physieist and best-selling author. One of his many books # A Brief 
History of Time, was on the British best-seller list for 237 weeks. 

By the late 1960s # Hawking was using a motorized wheelchair and 
communicating through computerized speech # eontrolled by his last 
functioning skeletal muscles # those in his right eheek. After nearly dying of 
pneumonia in 1985 # he had a traeheostomy. A feeding tube (gastrostomy) 
provides his nutrition. 


How does ALS produce eomplete paralysis without affeeting touch, 
sight, smell, taste, or intelleet? To find out, turn to the Oinieal Case 
Wrap-Up on p. 402. 
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WHEN YOU PLAN A TRIP, you ehoose your route based on the loeation of your 
destination. You may vary your route depending on the time of day, traffie eon- 
gestion, road eonstmetion, and so forth. When neeessary, you map your route 
in advanee using software or apps. 

The routes of information flowing into and out of the eentral nervous 
system have also been mapped, but the diagram is much more complex than 
any road map. At any given moment, millions of sensory neurons are deliver- 
ing information to different loeations within the CNS, and millions of motor 
neurons are eontrolling or adjusting the aetivities of peripheral effeetors. Affer- 
ent sensory and efferent motor information travels by several different routes 
depending on where the information is eoming from, where it is going to, and 
the priority level of the information. 

15.1 Organization and Patterns of Spinal 

Cord Traets 

► KEY POINT The traets within the spinal eord are organized into two eategories: 
(1) long, aseending sensory fibers originating at a sensory reeeptor and ending in 
the eerebral cortex f cerebellum, or brainstem and (2) long, deseending motor fibers 
originating in the brain and ending in the spinal eord or brainstem. 

Traets within the spinal eord relay sensory and motor information between the 
peripheral nervous system and higher eenters within the eentral nervous sys- 
tem. Eaeh aseending (sensory) or deseending (motor) traet eonsists of a ehain 
of neurons and assoeiated nuclei. Wherever synapses relay signals from one 
neuron to another, information is proeessed. The number of synapses varies 
from one traet to another. For example, a sensory traet ending in the eerebral 
cortex involves three neurons, while a sensory traet ending in the cerebellum 
involves just two neurons. 

In this ehapter we focus on the major sensory and motor traets of the spi- 
nal eord. These traets are paired in the spinal eord, and the axons within eaeh 
traet are grouped aeeording to the region of the body innervated. 

All traets involve both the brain and spinal eord. The name of a traet often 
indieates its origin and destination. If the name begins with spino-, the traet starts 
in the spinal eord and ends in the brain; it must therefore be an aseending traet 
that earries sensory information. The last part of the name indieates the traet’s 
destination. For example, the spinoeerebellar traet begins in the spinal eord and 
ends in the cerebellum. If the name ends in -spinal, the traet starts in the brain 
and ends in the spinal eord; it is a deseending traet that earries motor eom- 
mands. Then the first part of the name indieates the nucleus or eortieal area 
of the brain where the traet originates. For example, the vestibulospinal traet 
starts in the vestibular nucleus and ends in the spinal eord. ure 15.1 and 
Spotlight Figure 15.2 explain the organization and general anatomieal pat- 
tern of sensory and motor spinal eord traets. 



CONCEPT CHECK 

1 eompare and eontrast the general organization 
and anatomieal pattern of the (a) aseending sensory 
traets and (b) deseending motor traets vvithin the 
spinal eord. 


5ee the blue Ansvvers tab at the baek of the book. 


15.2 Sensory Traets 

► KEY POINT Aseending traets earry sensory information. Sensory information 
earried by a traet that synapses in the thalamus is raised to a conscious level. Sen- 
sory information earried by a traet that does not synapse within the thalamus 
remains at a subconscious level. 


The three major somatosensory traets are the posterior columns, spinothalamie 
traets, and spinoeerebellar traets gure 15.3 . Sensory reeeptors monitor 
eonditions both inside the body and in the external environment. When stimu- 
lated, a reeeptor sends information to the eentral nervous system. This sensory 
information, ealled a sensation, arrives in the form of an aetion potential in 
an afferent (sensory) fiber. 

The complexity of the response to a particular stimulus varies eonsiderably 
depending on (1) where proeessing occurs and (2) where the motor response 
is initiated. Chapter 16 deseribes the brain and the various eenters within the 
brain that reeeive sensory information or initiate motor impulses traveling 
down the spinal eord to effeetor organs. Chapter 17 deseribes the distribution 
of viseeral sensory information and eonsiders reflexive responses to viseeral 
sensations, and Chapter 18 examines the origins of sensations and the path- 
ways that relay speeial sensory information, such as olfaetion (smell) or vision, 
to conscious and subconscious proeessing eenters in the brain. Table 15.1 
smnmarizes the three major somatosensory traets: (1) the posterior columns, 
(2) the spinothalamie traets, and (3) the spinoeerebellar traets. 

The Posterior Columns 

► KEY POINT The posterior columns earry proprioeeptive information about 

the type of stimulus f the exact site of stimulation, and when the stimulus stops. 

In other words, the posterior columns earry information that tells you "what f " 

"where," and "when" for these sensations. 

The posterior columns, also termed the dorsal columns or the medial lemnis- 
eal pathvvay, earry highly loealized information from reeeptors in the skin and 
musculoskeletal system about proprioeeption (limb position), fine touch, pres- 
sure, and vibration giires 15.1, Spotlight Figure 15.2, and 5.3a] . 

The axons of the first-order neurons enter the CNS through the dorsal 
roots of spinal nerves and the sensory roots of eranial nerves. Axons from the 
dorsal roots of spinal nerves entering the spinal eord inferior to T ó travel supe- 
riorly within the graeile fasciculus (also termed the fasciculus graeilis) of the 
spinal eord. Those entering the spinal eord at or superior to T ó aseend within 
the cuneate fasciculus (also termed the fasciculus cuneatus ) of the spinal eord. 

Three neurons are involved in the transmission of information from the 
periphery to the eerebmm: first-order, seeond-order, and third-order neurons. 
The first-order neurons of the graeile fasciculus enter the spinal eord by the dor- 
sal root of the spinal nerve and synapse with the seeond-order neurons within 
the graeile nucleus (also termed the nucleus graeilis ) in the medulla oblongata. 
First-order neurons of the fasciculus cuneatus synapse with the seeond-or- 
der neurons within the cuneate nucleus (also termed the nucleus cuneatus ) in 
the medulla oblongata. All of the seeond-order neurons in the posterior eol- 
umns immediately decussate (eross over) to the eontralateral (opposite side) of 
the medulla and aseend to the thalamus on the opposite side of the brain. 
These seeond-order neurons form the medial lemniscus ( lemniskos, ribbon). 
As the information travels toward the thalamus, neurons earrying the same 
type of sensory information (fine touch, pressure, and vibration) eolleeted by 
eranial nerves V, VII, IX, and X enter the medial lemniscus. 

The ventral posterolateral nucleus (VPL) of the thalamus integrates 
sensory information earried within the posterior columns. The VPL sorts the 
sensory information aeeording to the region of the body involved and sends 
it to speeifie regions of the primary somatosensory cortex. As a result of this 
sorting, we “know” the nature of the stimulus and its loeation. If it is relayed 
to another part of the somatosensory cortex, we will pereeive the sensation 
as having originated in a different part of the body. For example, sensory 
information from the little finger on your right hand is sent to a speeifie part 
of the primary somatosensory cortex, and sensory information from your left 
knee is sent to another part of the somatosensory cortex. Our understand- 
ing of a particular stimulus as touch, rather than as temperature or pain, 
is due to the proeessing of the sensory information within the thalamus. 
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Figure 15.1 A Cross-sectional View Indieating the Loeations of the Major Aseending (Sensory) 
Traets in the Spinal Cord. For information about these tracts # see Table 15.1. Deseending (motor) 
traets are shovvn in detail in dashed outline; these traets are identified in Spotlight Figure 15.2. 


Posterior columns 


Dorsal root 


Dorsal root 
ganglion 


Ventral root 



Graeile fasciculus 
Cuneate fasciculus 


Spinoeerebellar traets 

Posterior spinoeerebellar traet 


Anterior spinoeerebellar traet 


Spinothalamie traets 

Lateral spinothalamie traet 


Anterior spinothalamie traet 


TABLE 15.1 


Major Aseending (Sensory) Traets and the Sensory Information They Provide 




Loeation of Neuron Cell Bodies 



Traet 

Sensations 

First-Order 

Seeond-Order 

Third-Order 

Final Destination 

Site of Deeiissation 

POSTERIOR eOLLIMNS 

Graeile fasciculus 

Proprioeeption, 
fine touch, 
pressure, and 
vibration from 
levels inferior 
to T 6 

Dorsal root ganglia of 
lovver body; axons enter 

CNS in dorsal roots and 
aseend vvithin graeile 
fasciculus 

Graeile nucleus of 
medulla oblongata; axons 
decussate before entering 
medial lemniscus 

Ventral 
posterolateral 
nucleus of 
thalamus 

Primary 

somatosensory cortex 
on side opposite 
stimulus 

Axons of seeond- 
order neurons, 
before joining medial 
lemniscus 

Cuneate 

fasciculus 

Proprioeeption, 
fine touch, 
pressure, and 
vibration from 
levels at or 
superior to T 6 

Dorsal root ganglia of 
upper body; axons enter 

CNS in dorsal roots and 
aseend vvithin cuneate 
fasciculus 

Cuneate nucleus of 
medulla oblongata; axons 
decussate before entering 
medial lemniscus 

Ventral 
posterolateral 
nucleus of 
thalamus 

Primary 

somatosensory cortex 
on side opposite 
stimulus 

Axons of seeond- 
order neurons, 
before joining medial 
lemniscus 

SPINOTHALAMIC TRACTS 

Lateral 

spinothalamie 

traets 

Pain and 

temperature 

sensations 

Dorsal root ganglia; axons 
enter CNS in dorsal roots 
and enter posterior horn 

In posterior horn; 
axons enter lateral 
spinothalamie traet on 
eontralateral side 

Ventral 
posterolateral 
nucleus of 
thalamus 

Primary 

somatosensory cortex 
on side opposite 
stimulus 

Axons of seeond- 
order neurons, at 
level of entry 

Anterior 

spinothalamie 

traets 

Crude touch 
and pressure 
sensations 

Dorsal root ganglia; axons 
enter CNS in dorsal roots 
and enter posterior horn 

In posterior horn; 
axons enter anterior 
spinothalamie traet on 
opposite side 

Ventral 
posterolateral 
nucleus of 
thalamus 

Primary 

somatosensory cortex 
on side opposite 
stimulus 

Axons of seeond- 
order neurons, at 
level of entry 

SPINOCEREBELLAR TRACTS 

Posterior 

spinoeerebellar 

traets 

Proprioeeption 

Dorsal root ganglia; axons 
enter CNS in dorsal roots 

In posterior horn; 
axons enter posterior 
spinoeerebellar traet on 
same side 

Not present 

Cerebellar cortex on 
side of stimulus 

None 

Anterior 

spinoeerebellar 

traets 

Proprioeeption 

Dorsal root ganglia; axons 
enter CNS in dorsal roots 

In same spinal segment; 
axons enter anterior 
spinoeerebellar traet on 
same or opposite side 

Not present 

Cerebellar cortex, 
primarily on side of 
stimulus 

Axons of most 
seeond-order 
neurons eross before 
entering traet and 
then eross again 
vvithin cerebellum 
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SPOTLIGHT 


FIGLIRE 15.2 


Organization of Spinal Cord Traets 



Most of the proeessing of 
sensory information 
occurs in the spinal eord, 
brainstem or thalamus. 
About 1 pereent of the 
information from afferent 
fibers reaehes the eerebral 
cortex and our conscious 
awareness. However, the 
information arriving at 
the sensory cortex is 
organized so that we ean 
determine the source and 
nature of the stimulus with 
great preeision. 


First-order, Seeond-order, and Third-order Neurons in Aseending Traets 


Sensory traets delivering 
somatie sensory informa- 
tion to the sensory cortex 
of the eerebral or 
eerebellar hemispheres 
involve a ehain of 
neurons. 


Sensory homunculus on primary sensory 

cortex of left eerebral hemisphere 
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ln most eases, the axon of 
either the first-order or 
seeond-order neuron erosses 
over to the opposite side of 
the spinal eord or brainstem as 
it aseends. As a result of this 
erossover, or decussation, 
sensory information from 
the right side of the body is 
delivered to the left side of the 


brain, and viee versa. 


Sensory traet 
in spinal eord 


Dorsal root ganglion 


Somatie sensations 
from the right side 

of the body 


ns 


KEY 


First-order neuron 


> Seeond-order neuron 


Third-order neuron 



Third-Order Neuron 

In traets ending at the eerebral cortex, the 
seeond-order neuron synapses on a third-order 
neuron in the thalamus. The axon of the 
third-order neuron earries the sensory information 
from the thalamus to the appropriate sensory area 
of the eerebral cortex. 





Seeond-Order Neuron 

The axon of the first-order neuron synapses on a 
seeond-order neuron. The seeond-order neuron’s 
eell body may be loeated in either the spinal eord or 
the brainstem. 



First-Order Neuron 

A first-order neuron is the sensory neuron that 
delivers the sensations to the CNS. Its eell body is 
in a dorsal root ganglion or a eranial nerve ganglion 





Neuron Arrangement within Sensory Traets 


Neurons within the sensory traets are arranged 
aeeording to three anatomieal prineiples. 



Sensory Modality Arrangement 

Sensory fibers are 
arranged vvithin the 
spinal eord aeeording 
to the type of sensory 
information earried by 
the individual neurons. 

In other vvords, 
information dealing — 
vvith fine touch vvill be 
earried vvithin one 
sensory traet, vvhile 
information dealing 
vvith pain vvill be 
earried vvithin another. 


Sensory fibers 
earrying fine 
touch, pressure, 
proprioeeption, 
and vibration 

Sensory fibers 
earrying pain 
and temperature 


Sensory fibers 
earrying ernde 

touch 


MEDIAL 



LATERAL 


2 



* ' ■ 


Lovver 
\ limb Hip 


llpper 
Trnnk limb 
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Medial-Lateral Rule 

Most sensory nerves entering the 
spinal eord at more inferior levels 
travel more medially vvithin a 
sensory traet than sensory nerves 
entering the eord at a more superior 
level. For instanee, a sensory nerve 
that enters the eord at Tn (11 th 
thoraeie spinal nerve) is loeated 
more medially vvithin a sensory traet 
than a nerve that enters at C4. 


Somatotopie Arrangement 

Aseending sensory fibers are 
arranged vvithin individual traets 
aeeording to their site of origin 
vvithin the body. Sensory fibers 
eoming from a particular region of 
the body, such as the upper limb, 
form a traet eontaining organized 
bundles of sensory fibers from the 
hand, vvrist, forearm, and arm. 
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The eentral nervous system 
issues motor eommands in 
response to information from 
sensory systems. These 
eommands are distributed by 
the somatie nervous system 
and the autonomic nervous 
system. The somatie nervous 
system (SNS) issues somatie 
motor eommands that direet 
skeletal muscle eontraetions. 
The autonomic nervous 
system (ANS), or viseeral 
motor system, innervates 
viseeral effeetors, such as 
smooth muscles, eardiae 
muscle, adipose tissue and 
glands. 


Organization of Motor Traets 


Somatie motor traets always involve at least two motor 
neurons: an upper motor neuron, whose eell body lies in 
the CNS, and a lower motor neuron loeated in a motor 
nucleus of the brainstem or spinal eord. Aetivity in the 
upper motor neuron excites or inhibits the lower motor 
neuron. The axon of the lower motor neuron extends to 
skeletal muscle fibers, and it is only eapable of exciting 
skeletal muscle fibers. 



llpper Motor Neurons 

Llpper motor neurons deliver motor 
eommands to motor nuclei in the 
brainstem or spinal eord. 


Motor fibers distributed to motor 
nuclei of eranial nerves are grouped 
within the corticobulbar traets. 


To skeletal 
muscles 


2 


Lower Motor Neurons 

Lower motor neurons relay motor 
eommands from the CNS motor 
nuclei to skeletal muscles. 



Motor homunculus on primary motor 

cortex of left eerebral 

hemisphere 












KEY 


Upper motor neuron 
Lower motor neuron 


To skeletal 
muscles 




t 




à 






Brainstem 

Motor fibers 
distributed to motor 
nuclei form the 
eortieospinal traets. 

Decussation 
of upper motor 
neurons 



Spinal eord 


Deseending Motor Traets 



Subconscious and conscious motor eommands 
eontrol skeletal muscles through deseending motor 
traets within the spinal eord. 



Motor Traets Carrying 
Subconscious Motor Oommands 

The mbrospinal traet automatically 


adjusts upper limb position and muscle 
tone during voluntary movements. 

The medial retieiilospinal traet 

originates in the reticular formation, 
a diffuse network of neurons in the 
brainstem. The functions of the traet 
vary depending on which area of the 
reticular formation is stimulated. 

The teetospinal traets eontrol reflexive 
ehanges in position in response to 
auditory or visual stimuli. 

The vestibulospinal traet earries 
motor eommands that reflexively 
eontrol posture and balanee. 






Motor Traets Carrying 
Conscious Motor Commands 

The anterior eortieospinal traet 


eontains axons that do not 
decussate in the brainstem. 




The lateral eortieospinal traet 


eontains the motor fibers that 
decussate within the brainstem 
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Figure 15.3 The Posterior Column f Spinothalamie, and Spinoeerebellar Sensory Traets. 

Diagrammatie eomparison of first-, second- # and third-order neurons in aseending traets. For elarity, 
this figure shovvs only the traet for sensations originating on the right side of the body. 



Anterior Spinothalamie Traet 



Ventral posterolateral 

(VPL) nucleus 
in thalamus 


Graeile nucleus and 
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lemniscus 


oblongata 


Dorsal root 
ganglion 


KEY 



Fine touch, vibration, pressure, and proprioeeption 
sensations from right side of body 




Axon of first- 
order neuron 

Seeond-order 

neuron 

Third-order 

neuron 


A Sensory Homunculus 


A sensory homunculus 
(“little human”) is a 
functional map of the 
primary somatosensory 
cortex. The proportions 
are very different from 
those of a person 
because the area of 
sensory cortex devoted to 
a particular body region is 
proportional to the 
number of sensory 
reeeptors it eontains. 



Anterior 

spinothalamie 


Crude touch and pressure sensations 



from right side of body 



Axon of first- 
order neuron 

Seeond-order 

neuron 

Third-order 

neuron 



The posterior columns earry sensory information to the primary 
somatosensory cortex on the opposite side of the body. The 
traets decussate in the medulla. 


b 


The anterior spinothalamie traet earries sensory information to the 
primary somatosensory cortex on the opposite side of the body. 
The decussation occurs in the spinal eord at the level of entry. 
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Figure 15.3 ( continued) 
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Pain and temperatiire sensations 
from right side of body 
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Spinoeerebellar Traets 



Anterior 

spinoeerebellar 

traet 



Spinoeerebellar 

traets 


Posterior 

spinoeerebellar 

traet 


KEY 



Axon of first- 
order neuron 


Seeond-order 

neuron 


Proprioeeptive input from Golgi tendon organs, 
muscle spindles, and joint capsule reeeptors 


r 

15 



The lateral spinothalamie traet earries sensations of pain and 
temperature to the primary sensory cortex on the opposite 
side of the body. The decussation occurs in the spinal eord, 
at the level of entry. 



The spinoeerebellar traets earry proprioeeptive information to the 
cerebellum. (Only one traet is detailed on eaeh side, although eaeh 
side has both traets.) 
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If the eerebral cortex were damaged, a person could still sense touch because the 
thalamie nuclei remain intaet. However, the person would not be able to determine 
what was being touched because of the damage to the primary somatosensory cortex. 

If a site on the primary sensory cortex is eleetrieally stimulated, the person 
reports feeling sensations in a speeifie part of the body. By eleetrieally stimu- 
lating the eortieal surface, investigators have been able to ereate a sensory map, 
ealled a sensory homunculus (“little hnman”), of the primary somatosensory 
cortex ure 15.3 . The proportions of body parts on the sensory homun- 
culus are obviously very different from those of a real person. For example, the 
faee is huge and distorted, with enormous lips, while the baek is relatively tiny. 
These distortions occur because the area of sensory cortex relating to a particular 
region of the body is proportional to the number of sensory reeeptors that region 
eontains, not to its absohite size. For instanee, the lips have tens of thousands 
of touch reeeptors, whereas the baek has far fewer; therefore, on the sensory 
homunculus the faee and lips are larger than the baek. 

The Spinothalamie Traets 

► KEY POINT The spinothalamie traets earry sensations of pain, temperature, 
and "crude" sensations of touch and pressure. 

gures 15.1 to 5.3b,c show the spinothalamie traets (also termed the 
anterolateral system). Like the posterior columns, the spinothalamie traets have 
first-, seeond-, and third-order neurons. The first-order neurons enter the spi- 
nal eord and synapse with the seeond-order neurons within the posterior 
horns. The axons of the seeond-order neurons decussate to the eontralateral 
side of the spinal eord and travel superiorly within the anterior and lateral 
spinothalamie traets. These seeond-order neurons enter the ventral posterolat- 
eral nuclei of the thalamus, where they synapse with the third-order neurons. The 
third-order neurons earry the information to the primary somatosensory cortex. 

Table 15.1 summarizes the destination of these traets. gure 15.3b,c 
shows the routes for the anterior and lateral spinothalamie traets on the right 
side of the body, but they are present on both sides of the spinal eord. 

The Spinoeerebellar Traets 

► KEY POINT The spinoeerebellar traets are two-neuron traets, having only 
first-order and seeond-order neurons. The first- and seeond-order neurons of 
these traets do not synapse in the thalamus. As a result, a person is not aware of 
the sensory information earried in the spinoeerebellar traets. 

The spinoeerebellar traets transmit proprioeeptive sensations about the posi- 
tion of muscles, tendons, and joints of the lower limbs to the cerebellum. This 
information is essential for the fine eoordination of body movements. The axons 
of first-order sensory neurons enter the spinal eord and then synapse on see- 
ond-order neurons within the posterior horns of the spinal eord. The axons 
of these seeond-order neurons aseend in either the anterior or posterior 
spinoeerebellar traets (Spotlight Figure 15.2 and Figures 15.1 and 
15.3d). Because neither ofthese traets synapse vvithin the thalamus, the proprioeep- 
tive information earried vvithin them is not raised to the conscious level. 

Axons that eross over to the opposite side of the spinal eord enter the 
anterior spinoeerebellar traet and aseend to the cerebellum by way of the supe- 
rior eerebellar peduncle. These fibers then decussate a seeond time within the 
cerebellum to terminate in the cerebellum on the ipsilateral (same) side as 
the original stimulus. The functional signifieanee of this “double eross” is not 
known. a The posterior spinoeerebellar traet earries axons that do not decussate 
to the opposite side of the spinal eord. These axons enter the cerebellum by way 
of the inferior eerebellar peduncle. 


The anterior spinoeerebellar traet also eontains relatively small numbers of uncrossed axons in 
addition to axons that eross over and terminate in the eontralateral cerebellum. 



CONCEPT CHECK 

2 As a result of pressure on her spinal eord, Jill eannot 
feel touch or pressure on her legs. What spinal traet 
is being eompressed? 


See the blue Ansvvers tab at the baek of the book. 


15.3 Motor Traets 

► KEY POINT All deseending motor traets are two-neuron systems. The upper 
motor neuron originates within the brain, travels inferiorly, and synapses with 
the lower motor neuron in the lateral or anterior horn of the spinal eord. 

The eentral nervous system issues motor eommands in response to information 
provided by sensory systems. These efferent motor eommands are distributed to 
effeetor organs by either the somatie nervous system (SNS) or the autonomic 
nervous system (ANS). The SNS innervates skeletal muscles gure 15.4a'. 
The ANS, or viseeral motor system, innervates viseeral effeetors, such as smooth 
muscle, eardiae muscle, glands, and adipoeytes Figure 15.4b' . 

Conscious and subconscious motor eommands eontrol skeletal muscles by 
traveling over several deseending motor traets. Spotlight Figure 15.2 shows 
the positions of the deseending motor traets within the spinal eord. The neural 
aetivity within these motor traets is monitored and adjusted by the basal nuclei 
and cerebellum, higher motor eenters discussed in ehapter 16. 

The Corticospinal Traets 

► KEY POINT The eortieospinal traets include the corticobulbar, lateral 
eortieospinal, and anterior eortieospinal traets. They are the most important 
deseending motor traets eontrolling the voluntary, fine motor movements of 
the upper and lower limbs. 

The eortieospinal traets, sometimes ealled the pyramidal traets, provide 
conscious, voluntary eontrol over skeletal muscles (Spotlight Figure 15.2 
and §gure 15.! ). This system begins at the pyramidal eells of the primary 
motor cortex. The axons of these upper motor neurons deseend into the brain- 
stem and spinal eord and synapse on lower motor neurons in the anterior 
horn that eontrol skeletal muscles. In general, the eortieospinal traet is a direet 
motor system: The upper motor neurons synapse direetly on the lower motor 
neurons. However, the eortieospinal traet also works indireetly, as it innervates 
other motor eenters of the subconscious motor pathways. 

There are three pairs of deseending pyramidal traets: (1) corticobulbar 
traets, (2) lateral eortieospinal traets, and (3) anterior eortieospinal traets. 

The Corticobulbar Traets 

Axons of the upper motor neurons of the eortieobiilbar (kor-ti-kò-BUL-bar; 
bulbar, brainstem) traets synapse on the lower motor neurons in the motor 
nuclei of eranial nerves III, IV, V, VI, VII, IX, XI, and XII (Figure 15.5 and 
Table 15.2). The corticobulbar traets provide conscious eontrol of the skeletal 
muscles that move the eye, jaw, and faee and some muscles of the neek and 
pharynx. The corticobulbar traets also innervate several motor eenters involved 
in the subconscious eontrol of skeletal muscle. 

The Lateral and Anterior Corticospinal Traets 

Axons of the upper motor neurons of the eortieospinal traets synapse on 
the lower motor neurons in the anterior horns of the spinal eord (Spotlight 
Figure 15.2 and -igure 15.! ). As they deseend, the eortieospinal traets are 
visible on the ventral surface of the medulla oblongata as a pair of thiek bands, 
the pyramids. Within the medulla, about 85 pereent of the axons eross the 
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Figure 15.4 Motor Traets in the CNS and PNS. Organization of the somatie and autonomic nervous 
systems. 
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motor neuron in the CNS eontrols a lovver motor 
neuron in the brainstem or spinal eord. The axon 
of the lovver motor neuron has direet eontrol over 
skeletal muscle fibers. Stimulation of the lovver 
motor neuron alvvays excites the skeletal muscle. 
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ln the autonomic nervous system (ANS), the 
axon of a preganglionie neuron in the CNS 
eontrols ganglionie neurons in the periphery. 
Stimulation of the ganglionie neurons may 
excite or inhibit the viseeral effeetor innervated 


TABLE 15.2 Prineipal Deseending (Motor) Traets and the General Functions of the Assoeiated Nuclei in the Brain 


Traet 

Loeation of llpper Motor Neuron 

Destination 

Site of Decussation 

Aetion 

CORTICOSPINAL TRACTS 

Corticobulbar traets 

Primary motor cortex (eerebral 
hemisphere) 

Lovver motor neurons of eranial 
nerve nuclei in brain 

Brainstem 

Conscious motor eontrol of 
skeletal muscles 

Lateral eortieospinal 
traets 

Primary motor cortex (eerebral 
hemisphere) 

Lovver motor neurons of anterior 
horns of spinal eord 

Pyramids of medulla 
oblongata 

Conscious motor eontrol of 
skeletal muscles 

Anterior 

eortieospinal traets 

Primary motor cortex (eerebral 
hemisphere) 

Lovver motor neurons of anterior 
horns in eervieal and upper 
thoraeie segments 

Level of lovver motor 

neuron 

Conscious motor eontrol of 
skeletal muscles 

SUBCONSCIOUS MOTOR PATHWAYS 

Vestibulospinal traets 

Vestibular nucleus (at border of pons 
and medulla oblongata) 

Lovver motor neurons of anterior 
horns of spinal eord 

None (uncrossed) 

Subconscious regulation of 
balanee and muscle tone 

Teetospinal traets 

Tectum (meseneephalon: superior and 
inferior colliculi) 

Lovver motor neurons of anterior 
horns (eervieal spinal eord only) 

Brainstem (midbrain) 

Subconscious regulation of eye, 
head, neek, and upper limb 
position in response to visual 
and auditory stimuli 

Medial reticulospinal 
traets 

Reticular formation (netvvork of nuclei 
in brainstem) 

Lovver motor neurons of anterior 
horns of spinal eord 

None (uncrossed) 

Subconscious regulation of 
reflex aetivity 

Rubrospinal traets 

Red nuclei of midbrain 

Lovver motor neurons of anterior 
horns of spinal eord 

Brainstem (midbrain) 

Subconscious regulation of 
upper limb muscle tone and 
movement 
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midline and form the deseending lateral eortieospinal traets on the opposite 
side of the spinal eord. The lateral eortieospinal traet synapses on lower motor 
neurons in the anterior horns at all levels of the spinal eord. 

The other 15 pereent of the eortieospinal neurons continue to deseend 
uncrossed within the spinal eord, forming the anterior eortieospinal traets. 
Before the upper motor neurons of the anterior eortieospinal traet synapse 
with the lower motor neuron in the anterior horns, they decussate to the oppo- 
site side of the spinal eord in the anterior white commissure. The anterior 
eortieospinal traet eontrols skeletal muscles of the neek, shoulder, and upper 
limb and therefore does not deseend farther than the eervieal and superior thoraeie 
regions ofthe spinal eord. Table 15.2 summarizes these traets and their aetions. 

The Motor Homunculus 

Pyramidal eells in a speeifie portion of the primary motor cortex eontrol 
the eontraetion of speeifie peripheral skeletal muscles. Like the somatosen- 
sory cortex, the primary motor cortex has been mapped, ereating a motor 
homunculus. Figure 15.! shows the motor homunculus of the left eerebral 
hemisphere and the eortieospinal traets eontrolling skeletal muscles on the 
right side of the body. 

Like the sensory homunculus, the proportions of the motor homunculus are 
quite different from those of the actual body. This is because the size of the motor 
area of the cortex is proportional to the number of motor units eontrolling a 

Figure 15.5 The Corticospinal Traets 
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speeifie region of the body. For example, the hands, faee, and tongue, all of 
which are eapable of complex movements, appear very large, while the trunk 
is relatively small. However, the sensory and motor homunculi differ in other 
respeets because some highly sensitive regions, such as the soles of the feet, 
eontain few motor units, while some areas with an abundance of motor units, 
such as the eye muscles, are not particularly sensitive. 

The Subconscious Motor Pathways 

► KEY POINT Several eenters in the cerebrum, dieneephalon, and brainstem 
eontrol somatie motor movements at a subconscious level. The motor pathvvays 
earrying this information are termed the subconscious motor pathvvays. 

Several eenters within the brain issue subconscious motor eommands. Their 
assoeiated motor traets were known for a long time as the extrapyramidal sys- 
tem because anatomists thought that the extrapyramidal system operated inde- 
pendent of, and in parallel to, the pyramidal system. It is more appropriate, 
however, to group these nuclei and traets in terms of their primary functions: 
The vestibulospinal, teetospinal, and medial reticulospinal traets help eontrol 
gross movements of the trunk and proximal limb muscles, and the mbrospinal 
traets help eontrol distal limb muscles. 

These subconscious motor pathways modify or direet skeletal muscle 
eontraetions by stimulating or inhibiting lower motor neurons. It is important 
to remember that the axons of upper motor neurons in these pathways syn- 
apse on the same lower motor neurons innervated by the eortieospinal traets. 
This means that the different motor pathways interaet (1) within the brain, 
through intereonneetions between the primary motor cortex and motor eenters 
in the brainstem, and (2) through excitatory or inhibitory interaetions at the 
level of the lower motor neurons. 

The vestibulospinal, teetospinal, and medial reticulospinal traets transmit 
aetion potentials that eontrol muscle tone and gross movements of the neek, 
trunk, and proximal limb muscles. The upper motor neurons of these traets 
are loeated in the vestibular nuclei, the superior and inferior colliculi, and the 
reticular formation (Spotlight Figure 15.2 and gure 15.6). 

The Vestibulospinal Traets 

The vestibular nuclei reeeive information from eranial nerve VIII, the vestib- 
ulocochlear nerve. These sensory neurons reeeive information from reeeptors 
in the internal ear that monitor the position and movement of the head. The 
upper motor neurons within the vestibular nuclei respond to ehanges in the 
orientation of the head, sending motor eommands to the lower motor neurons 
in the spinal eord that alter muscle tone, extension, and position of the neek, 
eyes, head, and limbs. The primary goal of this motor system is maintaining 
posture and balanee. The deseending, lower motor neurons in the spinal eord 
form the vestibulospinal traets (Spotlight Figure 15.2). 

The Teetospinal Traets 

The superior and inferior colliculi are loeated in the tectum, or roof, of the mid- 
brain. The colliculi reeeive visual (superior colliculi) and auditory (inferior eol- 
liculi) sensory information, and these nuclei eoordinate and eontrol reflexive 
responses to visual and auditory stimuli. The axons of upper motor neurons from 
the superior and inferior colliculi deseend in the teetospinal traets (Spotlight 
Figure 15.2). These axons eross to the opposite side immediately, before deseend- 
ing to synapse on lower motor neurons in the brainstem or spinal eord. Axons in 
the teetospinal traets cause reflexive ehanges in the position of the head, neek, 
and upper limbs in response to bright lights, sudden movements, or loud noises. 

The Medial Reticulospinal Traets 

The reticular formation is a loosely organized network of neurons that extends 
throughout the brainstem. The reticular formation reeeives input from almost 
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Figiire 15.6 Nuclei of Subconscious Motor Pathways. Cutaway view showing the loeation of major nuclei 
whose motor output is earried by subconscious pathways. 
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CLI NIeAL NOTE 


Multiple Sderosis 


Multiple selerosis (MS) is the most eommon demyelinating 
neurologic disease that affeets the eentral nervous system. 

The body's own immune system attaeks and destroys the myelin that 
insulates the axons of nerves within the CNS 7 including the brain, 
optie nerves, and spinal eord (see Figure 13.6). The demyelinated 
areas are known as plaques and when aetive show up as inflammatory 
areas within the CNS. Old plaques beeome sears, also inhibiting 
neurologic function. 

Symptoms of MS depend on where the lesions (pathologie tissue 
ehanges) occur. Lesions in the cerebrum and cerebellum ean cause trem- 
ors and problems with balanee, speech f or eoordination. Lesions in the 
optie nerves cause sight difficulties such as blurred or double vision. 
Lesions in the spinal motor nerve traets cause muscle weakness # spas- 
tieity, and bowel or bladder problems. Plaques in spinal sensory nerve 
traets cause numbness or burning sensations. There are at least four 
distinet elinieal patterns of the disease. 

Multiple selerosis affeets millions of people worldwide f most 
between the age of 15 and 60. It is most prevalent among Caucasians 



of European aneestry and affeets women much more than men. 
Although the cause is unknown f it is believed to be a eombination of 
genetie, infectious # and environmental faetors. A cluster of genes on 
ehromosome 6 may play a role. MS is more eommon in temperate eli- 
mates and has been linked to several viruses # including the Epstein-Barr 
virus. Treatments focus on relieving symptoms and delaying the pro- 
gression of the disease. 
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every aseending and deseending traet. It also has extensive eonneetions with 
every other part of the brain. Axons of the retieiilar formation’s upper motor 
neurons deseend in the medial reticulospinal traets (also termed the retien- 
lospinal traets) without erossing to the opposite side (Spotlight Figure 15.2). 
The effeets of reticular formation stimulation are determined by what part is 
stimulated. For example, the stimulation of upper motor neurons in one por- 
tion of the reticular formation produces eye movements, while stimulation of 
another portion aetivates respiratory muscles. 

The Rubrospinal Traets 

The rubrospinal traets (ruber, red) eontrol muscle tone and movements of 
the distal portions of the upper limbs (Spotlight Figure 15.2). The infor- 
mation earried by these traets stimulates flexor muscles and inhibits extensor 
muscles. The upper motor neurons of these traets, loeated within the red nuclei 
of the meseneephalon, eross to the opposite side of the brain and deseend into 
the spinal eord. The mbrospinal traets are small and extend only to the eervieal 
spinal eord. They eontrol motor movement of the distal muscles of the upper 
limbs, and their effeet is quite insignifieant eompared to that of the lateral 
eortieospinal traets. However, the mbrospinal traets ean be important in main- 
taining some motor eontrol and muscle tone in the upper limbs if the lateral 
eortieospinal traets are damaged. 

Table 15.2 reviews the major motor traets. 



CONCEPT CHECK 

3 Through vvhieh of the motor traets would the 
following eommands travel: (a) reflexive ehange of 
head position due to bright lights, (b) automatic 
alterations in limb position to maintain balanee? 


5ee the blue Ansvvers tab at the baek of the book. 


15.4 Levels of Somatie Motor Control 

► KEY POINT Lovver motor neuron aetivity is determined in tvvo vvays: (1) de- 
seending motor pathvvays regulate the aetivity of lovver motor neurons, and (2) 
higher eenters vvithin the brain influence the aetivity of deseending motor path- 
vvays. These higher eenters vvithin the brain are influenced by sensory input and 
other motor eenters vvithin the brain. 


Aseending information is relayed from one nucleus or eenter to another in a 
series of steps. For example, somatie sensory information from the spinal eord 
goes from a nucleus in the medulla oblongata to a nucleus in the thalamus 


before it reaehes the primary somatosensory cortex. Information proeessing 
occurs at eaeh step along the way, bloeking, reducing, or inereasing our eon- 
scious awareness of the stimulus. 

These proeessing steps are important, but they take time. Every synapse 
means another delay. Conduction time and synaptie delay means that it takes 
several milliseeonds to relay information from a peripheral reeeptor to the pri- 
mary somatosensory cortex. Additional time will pass before the primary motor 
cortex orders a voluntary motor response. 

However, this delay is not dangerous because relay stations within the 
spinal eord and brainstem issue interim motor eommands. While the eon- 
scious mind is still proeessing the information, reflexes provide an immediate 
response that will be << fine-tuned ,> a few milliseeonds later. For example, if you 
touch a hot stove top, in the few milliseeonds it takes for you to beeome eon- 
sciously aware of the danger, you could be severely burned. However, thanks to 
a withdrawal reflex eoordinated in the spinal eord, you jerk your hand from the 
hot stove before that happens. Voluntary motor responses, such as shaking your 
hand, stepping baek, and erying out, occur somewhat later. In this ease, the 
reflex of removing your hand was direeted by neurons in the spinal eord; it was 
then supplemented by a voluntary response eontrolled by the eerebral cortex. 
The spinal reflex provided a rapid, automatic, stereotyped (preprogrammed) 
response that prevented serious injury. The eortieal response was more complex 
and required more time to prepare and execute. 

Nuclei in the brainstem also are involved in a variety of complex reflexes. 
Some of these nuclei reeeive sensory information and generate appropriate 
motor responses. These motor responses involve either the direet eontrol of 
motor neurons or the regulation of reflex eenters in other parts of the brain. 

gure 15.Ì illustrates the various levels of somatie motor eontrol from simple 
spinal reflexes to complex patterns of movement. 

All levels of somatie motor eontrol affeet the aetivity of lower motor neu- 
rons. Reflexes eoordinated in the spinal eord and brainstem are the simplest 
meehanisms of motor eontrol. Higher levels perform more elaborate proeess- 
ing. As you move superiorly from the medulla oblongata to the eerebral cortex, 
the motor patterns beeome inereasingly complex. For example, the respiratory 
rhythmieity eenter of the medulla oblongata sets a basie breathing rate. How- 
ever, eenters in the pons adjust that rate in response to eommands reeeived 
from the hypothalamus (subconscious) or eerebral cortex (conscious). 



CONCEPT CHECK 

4 Which neurons, upper motor or lower motor, are 
affeeted more by somatie motor eontrol? 


See the blue Ansvvers tab at the baek of the book. 
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Figure 15.7 Somatie Motor Control 


Basal Nuclei 


Modify voluntary and reflexive motor 
pattems at the subconscious level 


Hypothalamus 


Oontrols reflex motor pattems related 
to eating, drinking, and sexual aetivity; 
modifies respiratory reflexes 


Pons and Superior Medulla Oblongata 


Oontrol reflexes of balanee and complex 
respiratory aetivity 



Oerebral Cortex 


Plans and initiates voluntary 
motor aetivity 


Thalamus and Meseneephalon 


Oontrol reflexes in response to visual 
and auditory stimuli 


Cerebellum 


Ooordinates complex motor patterns 



Somatie motor eontrol involves a series of levels, 
with simple spinal and eranial reflexes at the bottom 
and complex voluntary motor patterns at the top. 


Brainstem and Spinal Cord 


Inferior Medulla Oblongata 

Control simple eranial and 
spinal reflexes 

Controls basie respiratory 
reflexes 



Motor 


assoeiation 


areas 




Deeision 
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lobes 


nuclei 


Cerebellum 


Oerebral 

cortex 



Cerebellum 


Motor 


Primary 
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motor 


areas 


cortex 


Basal 


nuclei 


traet 


Lower motor 


neurons 


Other nuclei of 
the medial and 
lateral pathways 


Corticospinal 


Motor aetivity 



The planning stage: When a conscious deeision to move is 
made, information is relayed from the frontal lobes to motor 
assoeiation areas. These areas then relay the information to 
the cerebellum and basal nuclei. 



Movement: As the movement begins, the motor assoeiation areas send instmetions 
to the primary motor cortex. Feedbaek from the basal nuclei and cerebellum 
modifies those eommands, and output along the conscious and subconscious 
pathways direets involuntary adjustments in position and muscle tone. 
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Study Outline 


ntroduction p. 388 

Information passes continually between the brain # spinal cord # and 
peripheral nerves. Sensory information is delivered to CNS proeessing 
centers # and motor neurons eontrol and adjust peripheral effeetors. 

Traets relay sensory and motor information between the CNS # 
the PNS # and peripheral organs and systems. Aseending (sensory) 
and deseending (motor) traets eontain a ehain of neurons and 
assoeiated nuclei. 



Organization and Patterns of Spinal Cord 

Traets p. 388 


Sensory neurons that deliver the sensations to the CNS are termed 
first-order neurons. Seeond-order neurons are the CNS neurons 
on which the first-order neurons synapse. These neurons synapse 
on a third-order neuron in the thalarrms. The axon of either 
the first-order or seeond-order neuron decussates (erosses) to 
the opposite side of the CNS. Thus # the right eerebral hemisphere 
reeeives sensory information from the left side of the body and the 
left eerebral hemisphere reeeives information from the right side of 
the body. fSee Figure 15.1 arid Spotlight Figure 15.2.) 



15.2 Sensory Traets p. 388 

Sensory reeeptors monitor eonditions both inside the body and 
in the external environment. When stimulated # a reeeptor passes 
information to the eentral nervous system. This information # ealled 
a sensation, arrives as aetion potentials in an afferent (sensory) 
fiber. The complexity of the response to a particular stimulus 
depends in part on where proeessing occurs and where the motor 
response is initiated. fSee Figures 15.1 and 15.3, Spotlight Figure 
15.2, and Table 15.1.) 


The Posterior Columns p. 388 

The posterior columns earry fine touch # pressure # and proprioeeptive 
(position) sensations. The axons aseend within the graeile fasciculus 
and cuneate fasciculus and synapse in the graeile nucleus and 
cuneate nucleus within the medulla oblongata. This information 
is then relayed to the thalamus via the medial lemniscus. 
Decussation occurs as the seeond-order neurons enter the medial 
lemniscus. (See Figures 15.1 and 15.3 and Spotlight Figure 15.2.) 

The nature of any stimulus and its loeation is known because 
the information projeets to a speeifie portion of the primary 
somatosensory cortex. Pereeptions of sensations such as touch 
depend on proeessing in the thalamus. The preeise loealization 
is provided by the primary somatosensory cortex. A functional 
map of the primary somatosensory cortex is ealled a sensory 
homunculus. fSee Spotlight Figure 15.2 and Figure 15.3.) 

The Spinothalamie Traets p. 394 

The spinothalamie traets earry poorly loealized sensations of touch # 
pressure # pain # and temperature. The axons of the seeond-order 
neurons decussate in the spinal eord and aseend in the anterior and 
lateral spinothalamie traets to the ventral posterolateral nuclei of 
the thalamus. fSee Figure 15.3b,c and Table 15.1.) 


15.3 MotorTraets p. 394 

Motor eommands from the CNS are issued in response to sensory 
system information. These eommands are distributed by either the 
somatie nervous system (SNS) for skeletal muscles or the autonomic 
nervous system (ANS) for viseeral effeetors. 

Somatie motor traets always involve an upper motor neuron 
(whose eell body lies in a CNS proeessing eenter) and a lower 
motor neuron (loeated in a motor nucleus of the brainstem or 
spinal eord). Autonomic motor eontrol requires a preganglionie 
neuron (in the CNS) and a ganglionie neuron (in a peripheral 
ganglion). (See Spotlight Figure 15.2 and Figure 15.4.) 

The Corticosp nal Traets p. 394 

The neurons of the primary motor cortex are pyramidal eells; 
the eortieospinal traets provide a rapid # direet meehanism for 
voluntary skeletal muscle eontrol. The eortieospinal traets synapse 
on motor neurons in the anterior horns of the spinal eord and 
eontrol movement in the neek and trunk and some eoordinated 
movements in the axial skeleton. They eonsist of three pairs of 
deseending motor traets: (1) the corticobulbar tracts # (2) the lateral 
eortieospinal tracts # and (3) the anterior eortieospinal traets. (See 
Spotlight Figure 15.2, Figures 15.4 and 15.5, and Table 15.2.) 

Axons in the corticobulbar traets synapse on lower motor 
neurons in the motor nuclei of eranial nerves III, IV, V, VI, VII, IX, XI, 
and XII. The corticobulbar traets end at the motor nuclei of eranial 
nerves eontrolling eye movements, faeial muscles # tongue muscles # 
and neek and superficial baek muscles. fSee Spotlight Figure 15.2, 
Figure 15.5, and Table 15.2.) 

Axons in the lateral and anterior eortieospinal traets are visible 
along the ventral side of the medulla oblongata as a pair of thiek 
elevations, the pyramids, where most of the axons decussate to 
enterthe deseending lateral eortieospinal traets. The remaining 
axons are uncrossed here and enter the anterior eortieospinal 
traets. These fibers wi11 eross inside the anterior commissure 
before they synapse on motor neurons in the anterior horns. 
fSee Spotlight Figure 15.2, Figure 15.5, and Table 15.2.) 

The aetivity of pyramidal eells in a speeifie portion of the primary 
motor cortex will result in the eontraetion of speeifie peripheral 
muscles. The eortieal areas have been mapped out in diagrammatie 
form, ereating a motor homunculus. (See Figure 15.5.) 


The Siibeonseioiis Motor Pathways p. 396 

The subconscious motor pathways eonsist of several eenters that 
may issue motor eommands as a result of proeessing performed at 
an unconscious # involuntary level. These pathways ean modify or 
direet somatie motor patterns. Their outputs may deseend in (1) the 
vestibulospinal # (2) the teetospinal, (3) the reticulospinal, or (4) the 
mbrospinal traets. (See Spotlight Figure 15.2, Figure 15.6, and Tabie 15.2.) 

The vestibular nuclei reeeive sensory information from inner ear 
reeeptors through N VIII. These nuclei issue motor eommands to 
maintain posture and balanee. The fibers deseend through the 
vestibulospinal traets. (See Spotlight Figure 15.2, Figure 15.6, 
and Table 15.2.) 


The Spinoeerebellar Traets p. 394 

The posterior and anterior spinoeerebellar traets earry 
subconscious sensations to the cerebellum eoneerning the position 
of muscles # tendons, and joints. (See Figure 15.3d and Table 15.1.) 


Commands earried by the teetospinal traets ehange the position 
of the eyes, head, neek, and arms in response to bright lights, 
sudden movements, or loud noises. (See Spotlight Figure 15.2, 
Figure 15.6, and Table 15.2.) 
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Motor eommands earried by the medial reticulospinal traets 

vary aeeording to the region stimulated. The reticular formation 
reeeives inputs from almost all aseending and deseending 
pathvvays and from numerous intereonneetions with the cerebrum f 
cerebellum f and brainstem nuclei. (See Spotlight Figure 15.2, Figure 
15.6, and Table 15.2.) 


15.4 Levels of Somatie Motor Control p. 398 

Aseending sensory information is relayed from one nucleus or 
eenter to another in a series of steps. Information proeessing occurs 
at eaeh step along the way. Proeessing steps are important but 
time-consuming. Nuclei in the spinal cord f brainstem f and cerebrum 
work together in various complex reflexes. (See Figure 15.7.) 




ehapter Review 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. decussation. . 

2. sensory. L_ 

3. interneuron. . 

4. posterior column. . 

5. spinothalamie. . 

6. spinoeerebellar. L_ 

7. eortieospinal system. . 

8. teetospinal traets. L_ 

9. rubrospinal traet . . 

a. seeond-order 

b. pain, temperature f crude touch f pressure 

e. voluntary eontrol skeletal muscle 

d. subconscious eontrol of distal limb 
musculature 

e. afferent 

f. information about "what f " "where f " and 
"when" 

g. unconscious proprioeeption 

h. erossover 

i. position ehange—noise-related 

10. Axons aseend the posterior column to reaeh 
the 

(a) graeile nucleus and cuneate nucleus. 

(b) ventral nucleus of the thalarrms. 

(e) posterior lobe of the cerebellum. 

(d) medial nucleus of the thalamus. 

11. Which of the following is true of the 
spinothalamie traet? 

(a) Its neurons synapse in the anterior horn 
of the spinal eord. 

(b) It earries sensations of touch f pressure f 
and temperature from the brain to the 
periphery. 

(e) It transmits sensory information to the 
brain f where decussation occurs in the 
thalamus. 

(d) None of the above is eorreet. 

12. VVhieh of the following are spinal traets 
within the subconscious motor pathways? 

(a) vestibulospinal traets 

(b) teetospinal traets 

(e) medial reticulospinal traets 
(d) all of the above 


13. Axons of the eortieospinal traet synapse at 

(a) motor nuclei of eranial nerves. 

(b) motor neurons in the anterior horns of 
the spinal eord. 

(e) motor neurons in the posterior horns of 
the spinal eord. 

(d) motor neurons in ganglia near the spinal 
eord. 

14. Give the anatomieal names of the spinal 

traets indieated on the following diagram. 



(a) _ 

(b) _ 

(e)_ 

(d) _ 

Level 2 Reviewing Concepts 

1. What symptoms would you assoeiate with 
damage to the graeile nucleus on the right 
side of the medulla oblongata? 

(a) inability to pereeive fine touch from the 
left lower limb 

(b) inability to pereeive fine touch from the 
right lower limb 

(e) inability to direet fine motor aetivities 
involving the left shoulder 

(d) inability to direet fine motor aetivities 
involving the right shoulder 

2. Deseribe the function of first-order neurons 
in the CNS. 

3. VVhy do the proportions of the sensory 
homunculus differ from those of the body? 

4. VVhat is the primary role of the eerebral 
nuclei in the function of the subconscious 
motor pathways? 


5. Compare the aetions direeted by motor 
eommands in the vestibulospinal traets with 
those in the medial reticulospinal traets. 

Level 3 Critical Thinking 

1. Cindy has a biking aeeident and injures 
her baek. She is examined by a doetor 
who notiees that Cindy eannot feel pain 
sensations (a pinpriek) from her left hip and 
lower limb f but she has normal sensation 
elsewhere and has no problems with the 
motor eontrol of her limbs. The doetor tells 
Cindy that he thinks a portion of the spinal 
eord may be eompressed and that this is 
responsible for her symptoms. VVhere in the 
spinal eord might the problem be located f 
and why? 

2. As a result of a snowboarding accident f 
John is unable to feel fine touch f pressure f 
vibration f or proprioeeption in his left upper 
limb distal to his wrist. He has no other 
sensory defieits. A neurologist suspects 
that a portion of his spinal eord has been 
damaged. VVhere in the spinal eord might 
the problem be located f and why? 

MasteringA&P” 

Aeeess more ehapter study tools online 

in the Study Area: 

■ ehapter Quizzes f ehapter Praetiee 
Test f eiinieal Cases f and more! 


■ Praetiee Anatomy Lab (PAL) 



■ A&P Flix for anatomy 
topies 
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CLINICAL CASE 


WRAP-UP 


Amyotrophie Lateral Sderosis 


Amyotrophie (muscle atrophy, weakness) lateral selerosis is a 
progressive, fatal neurological disease that attaeks the neurons 
responsible for eontrolling voluntary muscles. It belongs to the 
eategory of motor neuron diseases, eharaeterized by the gradual 
degeneration and death of motor neurons. 

ALS involves the lateral columns of the spinal cord # the eortieospinal 
motortraets, corticobulbar tracts # anterior horn cells # and bulbar motor 
nuclei or a eombination of these. The motor neurons in the brain # 
brainstem # and spinal eord deteriorate and die # causing the skeletal 
muscles they innervate to waste away. All skeletal muscles are affected # 
including the muscles of chewing # swallowing # speaking # and breathing. 
This disease affeets both upper motor neurons and lower motor neurons 
and the lateral eortieospinal traets that eonneet them. At autopsy # the 
lateral portion of the spinal eord looks wasted and feels hard # or selerosed. 

ALS does not affeet the aseending sensory traets of the spinal eord. 
The posterior columns # anterior and lateral spinothalamie tracts # and 
spinoeerebellar traets remain intaet and functioning. This preserves 
intelleet and the senses of touch # pressure # vibration # proprioception # 
sight # smell # and taste. 

As with most neurodegenerative diseases # nobody knows what 
causes ALS. This rare but devastating disorder usually appears between 
ages 40 and 60. Men are affeeted slightly more often than women, 
soldiers slightly more often than eivilians. A small pereentage of eases 
seem to have a genetie basis. Nobody ean explain how Stephen Hawking 
has survived over 55 years with ALS # but the world of physies is thankful. 



1. Because amyotrophie lateral selerosis affeets both upper motor neu- 
rons and lower motor neurons # where else would you expect to see 
eell death # besidesthe lateral eortieospinal traets? 

2. Would you expect the dorsal root ganglia to be appear normal or 
abnormal in ALS? 


See the blue Ansvvers tab at the baek of the book. 



Related eiinieal Terms 


primary lateral selerosis (PLS): A slowly 
progressive degenerative disorder of the 
motor neurons of the eerebral cortex # 
resulting in widespread weakness. 


lower motor neuron dysarthria: A speeeh 
disturbance caused by dysfunction of 
the motor nuclei and the lower pons or 
medulla # or other neural connections # 
eentral and peripheral to the muscles 
involved with speeeh. 
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this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


16.4 


Identify the major regions of the brain and 
explain their functions. 

Compare and eontrast the structures that 
proteet and support the brain. 

Identify the anatomieal structures of the 
medulla oblongata and deseribe their 
functions. 

List the pontine structures and functions. p. 414 


A Neiiroanatomists Stroke of Insight 


16.5 

16.6 

16.7 

16.8 

16.9 


Identify the features of the meseneephalon 
(midbrain) and deseribe their functions. p. 415 

Identify the anatomieal structures that form 
the thalamus and hypothalamus and list their 
functions. p. 417 

Identify the eomponents of the cerebellum and 
list their functions. p. 422 

Compare and eontrast motor, sensory, 
assoeiation, and limbie areas of the cerebrum. 
p. 422 

Compare and eontrast the 12 pairs of eranial 
nerves. p. 434 


Dr. Jill Taylor, a neuroanatomist, is 37 and at the top of her field. One 
morning she develops a throbbing headaehe behind her left eye. She then 
notiees that her thoughts and movements are slovving dovvn. Soon she 
realizes her right arm is paralyzed, and she is barely able to eall for help. 
When she arrives at the hospital, she eannot vvalk, talk, read, vvrite, or reeall 
anything. She feels her spirit surrender and braees for death. 

Dr. Taylor avvakes later that day, shoeked to be alive. She still eannot 
speak or understand speeeh, or reeognize or use numbers. She ean, hovvever, 
appreeiate the irony of her situation: a neuroscientist (seientist vvho studies the 
brain) vvitnessing her very ovvn brain emergeney, an evolving cerebrovascular 
aeeident (CVA) or stroke. Doetors perform open brain surgery to remove 
a large blood elot that vvas pressing on the left side of her brain near her 
language area. 

Will Dr. Taylor reeover? To find out, turn to the dinieal Case Wrap-Up on 
p. 448. 






















THE BRAIN HAS A COMPLEX, THREE-DIMENSIONAL STRUCTURE and per- 
forms a bewildering array of functions. People often eompare the brain to a 
computer. Like the brain, a computer reeeives ineoming information, files and 
proeesses this information, and direets appropriate responses. However, even 
the most sophistieated computer laeks the eharaeteristies of a single neuron! 
One neuron ean proeess information from up to 200,000 different sources at 
the same time, and there are billions of neurons in your nervous system. As a 
result of this ineredible proeessing ability, the brain is the source of our dreams, 
passions, plans, memories, and behaviors. Everything we do and everything we 
are results from the brain’s aetivity. 

The brain is far more complex than the spinal eord, and it responds to 
stimuli with greater adaptability. That adaptability results from the tremendous 
number of neurons and neuronal pools in the brain and their complex inter- 
eonneetions. The brain eontains approximately 20 billion neurons, and eaeh 
neuron reeeives and proeesses information from thousands of synapses at one 
time. Excitatory and inhibitory interaetions between the neuronal pools ensure 
that our responses ean vary to meet ehanging circumstances. But adaptability 
has a priee: A response eannot be immediate, preeise, and adaptable all at the 
same time. Adaptability requires multiple synapses and proeessing steps, and 
every synapse adds to the delay between stimulus and response. Spinal reflexes, 
however, provide an immediate response that ean be fine-tuned by more adapt- 
able but slower proeessing eenters in the brain. Let’s begin with the brain and 
eranial nerves. 

16.1 An introdiietion to the Organization 

of the Brain 

► KEY POINT The adult human brain is eompaet but eontains almost 95 pereent 
of all our nervous tissue. 

The brain’s external appearanee gives few clues to its complexity and impor- 
tanee. Although an adult brain ean be easily held in both hands, it eontains 
almost 95 pereent of the body’s nervous tissue. A freshly removed brain is gray 
externally, and its internal tissues are tan to pink. Overall, the brain has the 
eonsisteney of medium-firm tofu. 

Embryology of the Brain 

► KEY POINT The brain starts as a small, hollow tube that forms three primary 
vesieles: the proseneephalon, meseneephalon, and rhombeneephalon. The pros- 
eneephalon and rhombeneephalon subdivide to form seeondary brain vesieles. 

Chapter 28 presents a detailed explanation of the development of the brain. 
However, a brief explanation now will help you understand adult brain struc- 
ture and organization. 

The eentral nervous system begins as a hollow neural tube with a fluid-filled 
internal eavity ealled the neurocoel. As development proeeeds, this simple pas- 
sageway expands to form enlarged ehambers ealled ventrieles. In the fourth week 
of development, three areas in the eephalie portion of the neural tube expand 
rapidly. This expansion ereates three primary brain vesieles named for their 
positions: the proseneephalon (pròs-en-SEF-a-lon; proso, forward, + enkephalos, 
brain), or “forebrain”; the meseneephalon (mez-en-SEF-a-lon; mesos, middle), 
or “midbrain”; and the rhombeneephalon (rom-ben-SEF-a-lon), or “hind- 
brain.” Table 16.1 summarizes the developmental ehanges of the three primary 
divisions of the brain. 

The proseneephalon and rhombeneephalon subdivide further, forming 
seeondary brain vesieles. The proseneephalon forms the teleneephalon 

(tel-en-SEF-a-lon; telos, end) and the dieneephalon. The teleneephalon 
forms the eerebmm. The eerebmm possesses the paired eerebral hemispheres 
that dominate the superior and lateral surfaces of the adult brain. The hollow 


dieneephalon has a roof (the epithalamus), walls (the left and right thala- 
mus), and a floor (the hypothalamus). As the posterior end of the neural tube 
eloses, seeondary bulges, the optie vesieles, extend laterally from the sides of 
the dieneephalon. The developing brain also bends, forming ereases that mark 
the boundaries between the ventrieles. 

The meseneephalon does not subdivide, but its walls thieken and the neu- 
roeoel beeomes a narrow passageway with a diameter similar to that of the 
eentral eanal of the spinal eord. 

The portion of the rhombeneephalon elosest to the meseneephalon 
forms the meteneephalon (met-en-SEF-a-lon; meta, after). The anterior part 
of the meteneephalon develops into the pons, and the posterior portion 
beeomes the cerebellum. The part of the rhombeneephalon eloser to the spinal 
eord beeomes the myeleneephalon (ml-el-en-SEF-a-lon; myelon, spinal eord), 
which forms the medulla oblongata. 

Major Regions and Landmarks 

► KEY POINT The adult brain eonsists of six major regions: medulla oblongata, 
pons, meseneephalon (midbrain), dieneephalon, cerebellum, and cerebrum. 

There are six major regions in the adult brain, as shown in gure 16.1 . 
Together, the medulla oblongata, the pons, and the meseneephalon 1 are referred 
to as the brainstem. The brainstem eontains important proeessing eenters that 
relay information to and from the eerebmm or eerebellmn. 

The Medulla Oblongata 

The mediilla oblongata (also termed the “medulla”) eonneets the brainstem 
to the spinal eord. The inferior portion of the medulla oblongata resembles the 
spinal eord, and the superior portion has a thin, membranous eovering. The 
medulla oblongata relays sensory information to the thalamus and to other 
eenters within the brainstem. In addition, it eontains major eenters regulating 
autonomic functions, such as heart rate, blood pressure, and digestive aetivities. 

The Pons 

Immediately superior to the medulla is the pons. Pons means “bridge,” and the 
pons eonneets the cerebellum to the brainstem. The pons eontains nuclei eon- 
trolling somatie and viseeral motor functions. 

The Meseneephalon (Midbrain) 

Nuclei in the meseneephalon, or midbrain, proeess visual and auditory infor- 
mation and eoordinate reflexive somatie motor responses to visual and auditory 
stimuli. This region also eontains eenters that maintain levels of consciousness. 

The Dieneephalon 

The dieneephalon (dl-en-SEF-a-lon; dia, through) lies deep within the brain 
and attaehes the meseneephalon to the eerebmm. The dieneephalon has three 
subdivisions: 

o The epithalamus eontains the hormone-seereting pineal gland, an endo- 
erine structure. 

o The right thalanms (THAL-a-mus; plural, thalami ) and left thalamus are 
sensory information relay and proeessing eenters. 

o The hypothalamus ( hypo-, below) is a viseeral eontrol eenter. A narrow 
stalk eonneets the hypothalamus to the pituitary gland, also ealled the 
hypophysis. The hypothalamus eontains eenters for emotions, autonomic 
nervous system function, and hormone production. It is an important link 
between the nervous and endoerine systems. 


^Some sources eonsider the brainstem to include the dieneephalon. We will use the more restrietive 
definition here. 
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Table 16.1 Development of the Human Brain (See also Chapter 28 for embryologieal summary) 


Primary Brain Vesieles 

Seeondary Brain Vesieles 



(3-week embryo) 

(6-week embryo) 

Brain Regions at Birth 

Ventrieles 


Proseneephalon 



Meseneephalon 


Rhombeneephalon 


Teleneephalon 

Dieneephalon 



Meseneephalon 


Meteneephalon 


Myeleneephalon 


Cerebrum 

Dieneephalon 


Midbrain 


Cerebellum 
and pons 


Medulla 

oblongata 


Lateral ventriele 
Third ventriele 


Cerebral aqueduct 


Fourth ventriele 


Fourth ventriele 




Figure 16.1 Major Regions of the Brain. An introduction to brain regions and their major functions 
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• Relay and proeessing eenters for sensory 
information 

HYPOTHALAMUS 

• Centers eontrolling emotions, autonomic functions, 
and hormone production 


MESENCEPHALON 

(Midbrain) 

• Proeessing of visual and auditory data 

• Generating reflexive somatie motor responses 

• Maintaining consciousness 


PONS 

• Relays sensory information to cerebellum and 
thalamus 

• Subconscious somatie and viseeral motor eenters 


MEDULLA OBLONGATA 


Relays sensory information to thalamus and other portions 
of the brainstem 

Autonomic eenters regulate viseeral function (cardiovascular, 
respiratory, and digestive system aetivities) 



Fissures 


CEREBELLUM 

Coordinates complex 
somatie motor 
patterns 

Adjusts output of 
other somatie motor 
eenters in brain and 
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TIPS & TOOLS 


To visualize the relationships among these structures, think of the 
dieneep halamus, the left and right sides are the thalami, the bottom is 
the hypothalamus, and the enelosed spaee is the third ventriele. 


The Cerebellum 

The eerebelliim (ser-e-BEL-um) is the seeond largest part of the brain, and 
its two small hemispheres lie posterior to the pons and inferior to the eerebral 
hemispheres. The cerebellum automatically adjusts motor aetivities based on 
sensory information and memories of learned movement. 

The Cerebrum 

The cerebrum (ser-É-brum or SER-e-brum) is the largest part of the brain. 
It is divided into large, paired eerebral hemispheres separated by the 
longitudinal fissure. The surface of the eerebmm is ealled the eerebral cortex, 
and it is eomposed of gray matter. Folds, termed sulci, convolute the surface 
of the eerebral cortex. These sulci separate the intervening ridges, termed gyri. 
The eerebmm is divided into lobes by a number of the larger sulci. The names 
of the lobes are derived from the bones of the cranium immediately superficial 
to them. For instanee, the parietal bones of the skull are immediately superfi- 
eial to the parietal lobes of the eerebmm. Conscious thought proeesses, intel- 
lectual functions, memory storage and retrieval, and complex motor patterns 
originate in the eerebmm. 

Gray Matter and White Matter Organization 

► KEY POINT ln the brain, there is an inner region of gray matter surrounded 
by traets of white matter. The fluid-filled ventrieles and passageways of the brain 
eorrespond to the eentral eanal of the spinal eord. 

The general distribution of the gray matter in the brain resembles the dis- 
tribution of the gray matter in the spinal eord: Traets of white matter sur- 
round an inner region of gray matter. The gray matter of the brain forms 
nuclei—clusters of spherieal, oval, or irregularly shaped neuronal eell bodies. 
However, the arrangement of gray matter and white matter in the brain is 
not as predietable as in the spinal eord. In the eerebmm and cerebellum, the 
white matter is eovered by a superficial layer of gray matter ealled the cortex 
( cortex , rind or bark). 

The term “higher eenters" refers to eortieal areas of the eerebmm, eere- 
bellum, nuclei of the dieneephalon, and meseneephalon. Output from these 
higher eenters modifies the aetivities of nuclei in the lower (more caudal) 
brainstem and spinal eord. The nuclei and eortieal areas of the brain reeeive 
sensory information and issue motor eommands to peripheral effeetors indi- 
reetly, through the spinal eord and spinal nerves, or direetly, through the era- 
nial nerves. 

The Ventr cular System of the Brain 

► KEY POINT Ventrieles are fluid-filled ehambers within the brain. They are 
filled with eerebrospinal fluid and lined by ependymal eells. 

There are four ventrieles (VEN-tri-kels) in the adult brain: one within eaeh 
eerebral hemisphere (making two), a third within the dieneephalon, and a 
fourth between the pons and eerebellmn and extending into the superior por- 
tion of the medulla oblongata. Eaeh ventriele is filled with eerebrospinal fluid 
and lined by ependymal eells. Figure 16.2 shows the position and orientation 
of the ventrieles. 


The lateral ventrieles in the eerebral hemispheres have a eom- 
plex shape. The two lateral ventrieles are separated by a thin partition, the 
septiim pellucidum. Eaeh lateral ventriele has a body, anterior horn, poste- 
rior horn, and inferior horn. The body lies within the parietal lobe of the eere- 
bmm, and the anterior horn extends into the frontal lobe. The posterior horn 
projeets into the oeeipital lobe, and the inferior horn curves laterally within 
the temporal lobe. There is no direet eonneetion between the two lateral ven- 
trieles. However, eaeh of the two lateral ventrieles communicates with the 
third ventriele of the dieneephalon through an interventricular foramen 
(or foramen ofMonro). 

The meseneephalon has a slender eanal ealled the eerebral aqueduct, 
or aqueduct of the midbrain. This passageway eonneets the third ventriele 
with the fourth ventriele. In the inferior portion of the medulla oblon- 
gata, the fourth ventriele narrows and is continuous with the eentral eanal 
of the spinal eord. The eerebrospinal fluid (CSF) circulates from the ven- 
trieles into the eentral eanal of the spinal eord. From there, the CSF moves 
through the foramina in the roof of the fourth ventriele into the subarach- 
noid spaee surrounding the brain and spinal eord. Before we talk about the 
circulation of the CSF, let's discuss the organization of the eranial meninges 
and how they differ from the spinal meninges (introduced in ehapter 14, 
t> pp. 361-364). 

16.1 CONCEPT CHECK 

1 List the six major regions in the adult brain. 

2 Deseribe the ventrieles and the eells that line them. 

See the blue Ansvvers tab at the baek of the book. 

16.2 Proteetion and Siipport 

of the Brain 

► KEY POINT The human brain is an extremely delieate organ that must 
be proteeted from trauma. It also has a high demand for nutrients and oxy- 
gen and therefore has an extensive blood supply. However, the brain must be 
isolated from substances in the blood that could interfere with its complex 
operations. 

Proteetion, support, and nourishment of the brain involve the (1) bones of the 
skull, (2) eranial meninges, (3) blood brain barrier, (4) eerebrospinal fluid, 
and (5) rieh blood supply. 

The Cranial Meninges 

► KEY POINT The meninges and CSF stabilize the shape and position of the 
brain. The meninges are attaehed to the brain and the internal surfaces of 
the skull. In addition, the brain "floats" in the surrounding CSF, reducing the 
effeets of forees that would severely damage the brain if the CSF were not 
present. 

The brain lies eradled within the cranium of the skull igure 16.3 . The era- 
nial bones proteet the brain, but they also pose a threat. The brain is like a per- 
son driving a ear, and the ear is like the bones of the skull. If the ear hits a tree, 
the ear proteets the driver from eontaet with the tree. However, serious injury 
will occur unless a seat belt or airbag proteets the driver from eontaet with the 
interior of the ear. 

Within the eranial eavity, the eranial meninges proteet the brain. The 
meninges surround the brain and aet as shoek absorbers, preventing eontaet 
with the skull bones gure 16.3a). The eranial meninges are continuous 
with the spinal meninges, and they have the same three layers: dura mater 
(outermost), araehnoid mater (middle), and pia mater (innermost). 
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Figure 16.2 Ventrieles of the Brain. The ventrieles eontain eerebrospinal fluid f vvhieh transports 
notrients, ehemieals, and vvastes. 
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Figure 16.3 Relationships among the Brain, Cranium, and Meninges 
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The Diira Mater 

The eranial dura mater has two fibrous layers. The outermost layer, or 
periosteal eranial dura, is fused to the periosteum lining the eranial bones 
(Figure 16.3a]. The innermost layer is the meningeal eranial dura. In many 
areas the periosteal and meningeal dura are separated by a spaee eontaining 
interstitial fluid and blood vessels, including large eolleeting veins ealled dural 
sinnses. Veins of the brain empty into the sinuses, which deliver blood to the 
internal jugular veins in the neek. 


At four loeations the meningeal eranial dura folds and extends deep into 
the eranial eavity. These folds subdivide the eranial eavity, support the brain, 
and limit its movement igures 16.3b, 16.4, and i 6.5 . 

Q The falx eerebri (falks ser-É-brè; falx, curving or siekle-shaped) is a fold of dura 
mater found between the eerebral hemispheres in the longitudinal fissure. The 
falx eerebri attaehes to the erista galli (anteriorly) and the internal oeeipital 
erest and tentorium eerebelli (posteriorly). Two large venous sinuses, the superior 

sagittal sinus and the inferior sagittal sinus, lie within this dural fold. 
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o The tentoriiim eerebelli (ten-TO-re-um ser-e-BEL-e; tentorium, eover- 
ing) supports and proteets the two oeeipital lobes of the eerebmm. It also 
separates the eerebellar hemispheres from the eerebmm. The tentorium 
eerebelli extends aeross the cranium at right angles to the falx eerebri. The 
transverse sinus lies within the tentorium eerebelli. 

o The falx eerebelli divides the two eerebellar hemispheres. It extends mid- 
sagitally, inferior to the tentorimn eerebelli. 

o The diaphragma sellae is a small segment of the dura mater lining 
the sella turcica of the sphenoid Figure 16.3b). The diaphragma sellae 
anehors the dura mater to the sphenoid and surrounds the base of the 
pituitary gland. 


The Araehnoid Mater 

The eranial araehnoid mater is a delieate membrane eovering the brain 
between the superficial dura mater and the deeper pia mater. In most ana- 
tomieal preparations, a narrow subdural spaee separates the dura mater and 
the eranial araehnoid mater gure 16.3a). And, as we saw in the spinal 
eord, it is highly probable that such a spaee does not exist in a living person. 
t) p. 364 

Deep to the araehnoid mater is the subarachnoid spaee, which eon- 
tains a delieate, weblike meshwork of eollagen and elastie fibers linking the 
araehnoid mater to the underlying pia mater. Superficially, fingerlike exten- 
sions of the eranial araehnoid mater penetrate the dura mater and projeet 
into the venous sinuses of the superior sagittal sinus igures 16.3b, 16.4, 
and J 6.5 . These projeetions are ealled araehnoid gramilations. Here, eere- 
brospinal fluid flows past the bundles of eonneetive tissue fibers (termed the 
araehnoid trabeculae), erosses the araehnoid mater, and enters the venous 
circulation. The eranial araehnoid mater aets as a roof over the eranial blood 
vessels, and the underlying pia mater forms a floor. Cerebral arteries and 
veins are supported by the araehnoid trabeculae and surrounded by eerebro- 
spinal fluid. 

The Pia Mater 

The eranial pia mater is tightly attaehed to the surface contours of the 
brain, stieking to its contours and lining the sulci. The pia is anehored to 
the surface of the brain by the proeesses of astroeytes. The eranial pia mater 
is a highly vascular membrane. It aets as a floor to support the large eere- 
bral blood vessels as they braneh and follow the convolutions of the brain, 
supplying superficial areas of eerebral cortex with blood igures 16.4 
and 16.5). 


The Blood Brain Barrier 

► KEY POINT Nervous tissue in the CNS has an extensive blood supply, but it is 
also isolated from the general circulation by the blood brain barrier. This barrier 
provides a meehanism to maintain a eonstant environment within the CNS, which 
is neeessary for its proper eontrol and functioning. 

The blood brain barrier (BBB) is formed by eapillary endothelial eells 
that are extensively intereonneeted by tight junctions. These junctions pre- 
vent materials from diffusing between the eells. As a result, only lipid-sol- 
uble compounds diffuse aeross the endothelial eell membranes and into 
the interstitial fluid of the brain and spinal eord. The endothelial eells 
of these eapillaries have very few pinoeytotie vesieles. This further limits 
the movement of large-molecular-weight compounds into the CNS. Pas- 
sive or aetive transport meehanisms are required for the passage of water- 
soluble compounds aeross these eapillary walls. Many different transport 
proteins are involved, and their aetivities are quite speeifie. In addition, 


Figure 16.4 The Cranial Meninges, Part I. A superior view of a disseetion 
of the eranial meninges. 
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astroeytes are in elose eontaet with the CNS eapillaries. These neuroglia 
seerete ehemieals restrieting the permeability of the endothelial eells of 
brain eapillaries. 

Endothelial transport aeross the BBB is seleetive and direetional. Neurons 
have a eonstant need for glucose, and this need must be met regardless of 
the eoneentration in blood and interstitial fluid. Even when the circulating 
glucose level is low, endothelial eells continue to transport glucose from the 
blood to the interstitial fluid of the brain. In eontrast, the amino aeid gly- 
eine is a neurotransmitter, and its eoneentration in nervous tissue must be 
kept much lower than that in the circulating blood. Endothelial eells aetively 
absorb this compound from the interstitial fluid of the brain and seerete it 
into the blood. 

There are four regions within the brain where the BBB is notably different 
from that of the rest of the brain: 


o Portions of the hypothalamus, where the eapillary endothelium has an 
inereased permeability. This inereased permeability exposes hypothalamie 
nuclei to circulating hormones and permits hypothalamie hormones to 
diffuse into the circulation. 

o Capillaries in the pineal gland, which are very permeable. The pineal gland, 
an endoerine structure, is loeated in the roof of the dieneephalon. This 
inereased eapillary permeability allows pineal seeretions into the general 
circulation. 

o Capillaries at a ehoroid plexus. In the roof of the third and fourth ventri- 
eles, the pia mater supports extensive eapillary networks that projeet into 
the ventrieles of the brain, forming the ehoroid plexus. The ehoroid plexus 
is the site of CSF production. Transport aetivities of the speeialized ependy- 
mal eells in this plexus maintain the blood-CSF barrier. 

o Capillaries in the posterior lobe of the pituitary gland, which is continu- 
ous with the floor of the hypothalamus. At this site, the hormones anti- 
diuretic hormone and oxytocin, produced by hypothalamie neurons, are 
released into the circulation. 
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Figure 16.5 The Cranial Meninges, Part II 
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Cerebrospinal Fliiid 

► KEY POINT eerebrospinal fluid (CSF) surrounds, supports, and cushions the 

brain. It also transports nutrients, wastes, and ehemieals. 

Cerebrospinal fluid (CSF) eompletely surrounds and bathes the exposed sur- 
faees of the eentral nervous system. It has several important functions, includ- 
ing the following: 

■ Preventing eontaet between delieate neural structures and the surrounding 
bones. 

■ Supporting the brain. In essenee, the brain is suspended inside the cranium, 
floating in the eerebrospinal fluid. A human brain weighs about 1400 g in 
air but, when supported by the eerebrospinal fluid, weighs only about 50 g. 

■ Transporting nutrients, ehemieals, and wastes. Except at the ehoroid 
plexus, the ependymal lining is freely permeable. As a result, CSF is in 
eonstant ehemieal communication with the interstitial fluid of the CNS. 
Because diffusion occurs freely between the interstitial fluid and CSF, 
ehanges in the pH or ehemieal eomposition of the interstitial fluid of the 
CNS alters the eomposition of the CSF. As noted in ehapter 14, a spinal 
tap provides useful elinieal information eoneerning CNS injury, infeetion, 
or disease. 

Formation of CSF 

All the ventrieles eontain a ehoroid plexus ( ehoroid , vascular eoat; plexus, 
network), which is a eombination of speeialized ependymal eells and 
highly permeable eapillaries Figure 16.6a! . Two ehoroid plexuses are 


found in the roof of the third ventriele and extend through the interven- 
tricular foramina into the lateral ventrieles. These plexuses eover the floors 
of the lateral ventrieles. In the lower brainstem, a region of the ehoroid 
plexus in the roof of the fourth ventriele projeets between the cerebellum 
and the pons. 

The ehoroid plexus produces eerebrospinal fluid. The eapillaries are fenes- 
trated and highly permeable, but large, highly speeialized ependymal eells eover 
the eapillaries. The ependymal eells use both aetive and passive transport meeh- 
anisms to seerete CSF into the ventrieles. The ehoroid plexus also removes 
wastes from the CSF and fine-tunes its eomposition over time. There are many 
differenees in eomposition between CSF and blood plasma (blood with the eel- 
lular elements removed). For example, blood plasma eontains high eoneentra- 
tions of suspended proteins, but CSF does not. There are also differenees in the 
eoneentrations of individual ions and in the levels of amino aeids, lipids, and 
wastes (Figure 16.6b). 

Circulation of CSF 

The ehoroid plexus produces CSF at a rate of about 500 mL/day. The total vol- 
ume of CSF at any given moment is approximately 140-270 mL. This means 
that the entire volume of CSF is replaeed roughly every 8 to 12 hours, and the 
rate of removal normally keeps paee with the rate of production. 

CSF produced in the lateral ventrieles flows into the third ventriele 
through the interventricular foramina. From there, CSF flows into the eere- 
bral aqueduct. Most of the CSF reaehing the fourth ventriele enters the 
subarachnoid spaee by passing through the paired lateral apertures and a 
single median aperture in the membranous roof of the fourth ventriele. (A 
relatively small quantity of eerebrospinal fluid circulates between the fourth 
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CLINICAL NOTE 


Traumatic Brain lnjuries 

Traumatic Brain lnjury (TBI) ean result from any hit to the 
head that is hard enough to affeet brain function. Fifty pereent 
of TBIs result from motor vehiele aeeidents, and they are the most 
eommon cause of death and disability in young people. In elderly 
people, TBIs may result from falls. Penetrating brain injuries are 
alvvays aeeompanied by skull fracture. Traumatic brain injuries due 
to blasts have beeome the "speeialty injury" of vvar. From military 
injuries, vve have learned that immediate treatment must focus on 
restoring blood supply (perfusion, oxygenation) to the brain. 

A eoneiission is a mild TBI that may be aeeompanied by a period 
of unconsciousness. Signs and symptoms of concussion include head- 
aehe or neek pain, nausea, ringing in the ears, dizziness, and fatigue. 
Severe concussion ean involve bruising, bleeding, or tearing of brain tis- 
sue. Symptoms of severe TBI include vomiting or nausea, convulsions or 
seizures, slurred speeeh, vveakness or numbness in arms and legs, 
dilated pupils, and inability to vvake up. Treatment and outcome 
depend on the severity of the injury, but the most important 
treatments for concussion are rest and avoiding further trauma. 

ehronie traumatic eneephalopathy (CTE) results from repeated 
sports-related head trauma. It has long been reeognized in boxers 
and has its ovvn name, dementia pugilistica (pug/7, boxer), or boxer's 
dementia. The prevalenee of CTE is still not knovvn, and currently there 
is no cure. 




Epidural hemorrhage 




An epidural hematoma is the accumulation of blood betvveen 
the inner table of the sku11 and the dura mater. Most epidural 
hematomas result from a skull fracture, and most are loeated in the 
temporoparietal region vvhere a skull fracture erosses the path of 
the middle eerebral artery (see gure 22.1 ). An arterial epidural 
hematoma often requires emergeney surgery to relieve pressure on 
the brain that involves drilling a hole in the skull and allovving blood 
to drain. 


A subdural hematoma is the accumulation of blood betvveen the 
dura mater and the araehnoid mater. Subdural hematomas are often 
venous bleeds. People taking blood thinners are more susceptible to 
subdural hematomas. 




Subdural hemorrhage 
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Figure 16.6 The Choroid Plexus and Blood Brain Barrier 
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ventriele and the eentral eanal of the spinal eord.) CSF continuously flows 
through the subarachnoid spaee surrounding the brain, and movements 
of the vertebral column move it around the spinal eord and cauda equina 
gure 16.4). Cerebrospinal fluid then reenters the circulation through 
the araehnoid granulations gures 16.5a, 16.6, and 16.7 . If the nor- 
mal circulation of CSF is intermpted, a variety of elinieal problems may 
appear. 

The Blood Supply to the Brain 

► KEY POINT An interruption of the blood supply to the brain for 10 seeonds 
causes a person to lose consciousness. After 20 seeonds, eleetrieal aetivity eeases, 
and after a fevv minutes, irreversible damage begins. Because of this high de- 
mand for oxygen, blood vessels in the brain, particularly the gray matter, are ar- 
ranged in a dense meshvvork. 

Neurons have a high demand for energy but laek energy reserves in the form 
of earbohydrates or lipids. In addition, neurons laek myoglobin and have no 
way to store oxygen. Therefore, their energy demands are met by an extensive 
vascular supply. Arterial blood reaehes the brain through the internal earotid 
arteries (major arteries of the neek) and the vertebral arteries (arteries within 


the transverse foramina of the eervieal vertebrae). Most of the venous blood 
from the brain leaves the cranium in the internal jugular veins (major veins 
of the neek), which drain the dural sinuses. (Chapter 22 discusses the arterial 
blood supply to the brain and the veins leaving the brain.) 

Cerebrovascular diseases are circulatory disorders that interfere with 
the normal blood supply to the brain. The particular distribution of the vessel 
involved determines the symptoms, and the degree of oxygen or nutrient star- 
vation determines the severity. A cerebrovascular aeeident (CVA), or stroke, 
occurs when the blood supply to a portion of the brain is shut off. Affeeted 
neurons begin to die in a matter of minutes. 



CONCEPT CHECK 

3 Identify the four extensions of the innermost layer of 
the dura mater into the eranial eavity that stabilize 
and support the brain. 

4 What is the function of the blood brain barrier? 


5ee the blue Ansvvers tab at the baek of the book. 
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Figure 16.7 Circulation of Cerebrospinal Fluid. Sagittal seetion indieating the sites of formation 
and the routes of circulation of eerebrospinal fluid. 
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16.3 


The Mediilla Oblongata 


► KEY POINT The spinal eord eonneets to and is continuous vvith the brain- 
stem at the medulla oblongata. The medulla eorresponds to the embryonie 
myeleneephalon. 


Figures 16.1, 16.13, 16.14, and 16.17 show the external appearanee of the 
mediilla oblongata, or medulla. The important nuclei and eenters are dia- 
grammed in igure 16.8 and detailed in Table 16.2. 

gure 16.1 shows the medulla oblongata in midsagittal seetion. The 
caudal portion resembles the spinal eord and has a rounded shape and a nar- 
row eentral eanal. Closer to the pons, the eentral eanal beeomes enlarged and 
continuous with the fourth ventriele. 

The medulla oblongata eonneets the brain with the spinal eord, and 
many of its functions are direetly related to this eonneetion. For example, all 


communication between the brain and spinal eord involves traets aseending or 
deseending through the medulla oblongata. 

The medulla oblongata includes three groups of nuclei with various functions: 

Relay stations and proeessing eenters: Many aseending traets synapse in 
sensory or motor nuclei within the medulla. These sensory and motor 
nuclei aet as relay stations and proeessing eenters. For example, the graeile 
nucleus (nucleus graeilis ) and the eimeate nucleus relay somatie sen- 
sory information to the thalamus. Traets leaving these brainstem nuclei 
eross to the opposite side of the brain before reaehing their destinations 
in the eerebmm. The solitary nucleus on either side reeeives viseeral sen- 
sory information that reaehes the CNS from the spinal nerves and era- 
nial nerves. The olivary nuclei relay information from the spinal eord, 
the eerebral cortex, dieneephalon, and brainstem to the eerebellar cortex. 
The bulk of the olivary nuclei ereate the olives, prominent bulges along 
the ventrolateral surface of the medulla oblongata gure 16.8' . 

o Nuclei of eranial nerves: The medulla oblongata eontains sensory and 
motor nuclei for five eranial nerves (N VIII, IX, X, XI, and XII). These era- 
nial nerves innervate muscles of the pharynx, neek, and baek as well as 
viseeral organs of the thoraeie and abdominopelvie eavities. 

o Autonomic nuclei: The reticular formation in the medulla oblongata eon- 
tains nuclei and eenters responsible for regulating vital autonomic func- 
tions. These reflex eenters reeeive input from eranial nerves, the eerebral 
cortex, dieneephalon, and brainstem, and their output adjusts the aetivities 
of one or more peripheral systems. Major eenters include the following: 




The cardiovascular eenters adjust heart rate, strength of eardiae eontrae- 
tions, and the flow of blood through peripheral tissues. The cardiovascular 
eenters are subdivided into eardiae ( kardia , heart) and vasomotor ( vas , 
eanal) eenters, but their anatomieal boundaries are difficult to determine. 

The respiratory rhythmieity eenters set the basie paee for breathing. 
Inputs from the apneustic and pneumotaxic eenters within the pons 
regulate their aetivity igure 16.9] . 


16.3 CONCEPT CHECK 

5 What three types of niielei are found vvithin the 



medulla? 



See the blue Ansvvers tab at the baek of the book. 
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Figure 16.8 The Mediilla Oblongata 
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Table 16.2 


The Medulla Oblongata 


Attaehment to membranous 

roof of fourth ventriele 



Lateral white column 
Posterior white columns 


Posterior median sulcus 


b 


Spinal eord 

Posterolateral view 


Region/Nucleus 

Function 

GRAY MATTER 

Olivary nuclei 

Relay information from the spinal eord, 
the red nuclei, other midbrain eenters, 
and the eerebral cortex to the vermis of 
the cerebellum 

Reflex eenters 

— Cardiovascular eenters 

Respiratory rhythmieity 
eenters 

Regulate heart rate and foree of 
eontraetion, and distribution of blood flow 

Set the rate of respiratory movements 

Graeile nudeus 

Cuneate nucleus 

Relay somatie information to the ventral 
posterior nuclei of the thalamus 

Other nuclei/centers 

Sensory and motor nuclei of five eranial 
nerves; relaying aseending information 
from the spinal eord to higher eenters 

Reticular formation 

Contains nuclei and eenters that regulate 
vital autonomic nervous system functions 

WHITE MATTER 

Aseending and deseending 
traets 

Link the brain with the spinal eord 


16.4 The Pons 

► KEY POINT The pons eontains sensory and motor nuclei for four eranial 
nerves, nuclei involved with involuntary eontrol of respiration, and nuclei that 
proeess and relay eerebellar signals. The pons also eontains aseending, deseend- 
ing, and transverse traets. 

The pons extends from the mediilla oblongata to the meseneephalon, form- 
ing a prominent bulge on the anterior surface of the brainstem. The pons and 
cerebellum are separated by the fourth ventriele. The pons is attaehed to the 
cerebellum by three eerebellar peduncles. Important features and regions of 
the pons are shown in Figures 16.1, 16.9, 16.13, and 16.14 and listed in 
Table 16.3. The pons eontains the following: 


Sensory and motor nuclei for four eranial nerves. Four eranial nerves 
within the pons (N V, N VI, N VII, and N VIII) innervate jaw muscles, the 
anterior surface of the faee, one of the extra-ocular muscles (the lateral 
rectus), and organs of hearing and equilibrium in the internal ear. 

■ Nuclei regulating the involuntary eontrol of respiration. On eaeh side of the 
brain, the reticular formation of the pons eontains two respiratory eenters, 
the apneustic eenter and the pneumotaxic eenter. These eenters regulate the 
aetivity of the respiratory rhythmieity eenter in the medulla oblongata. 

■ Nuclei that proeess and relay eerebellar eommands. Information enter- 
ing the cerebellum by the middle eerebellar peduncles passes through the 
pons. The middle eerebellar peduncles are eonneeted to the transverse 
fibers of the pons that eross its anterior surface. 
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Figure 16.9 The Pons 


Table 16.3 


The Pons 




Medulla oblongata 


Olivary nucleus 


Cerebellum 


Fourth 

ventriele 



Region/Nucleus 

Function 

WHITE MATTER 

Traets 

Deseending traets 
Aseending traets 

intereonneet other portions of the 
CNS 

Transverse fibers 

intereonneet eerebellar hemispheres; 
intereonneet pontine nuclei vvith 
the eerebellar hemispheres on the 
eontralateral side 

GRAY MATTER 

Respiratory eenters 

Pneumotaxic eenter 

Apneustic eenter 

Modify output of respiratory 
eenters in the medulla oblongata 

Reticular formation 

Automatic proeessing of ineoming 
sensations and outgoing motor 
eommands (See gure 16.8) 

Other nuclei/centers 

Nuclei assoeiated vvith four eranial 
nerves and the cerebellum 



■ Aseending, deseending, and transverse traets. The longitudinal traets of the 
pons eonneet the pons to other portions of the CNS. The anterior eer- 
ebellar peduncles eontain efferent eerebellar traets. These fibers permit 
communication between the eerebellar hemispheres of opposite sides. The 
inferior eerebellar peduncles eontain both afferent and efferent traets eon- 
neeting the cerebellum with the medulla oblongata. 

16.4 CONCEPT CHECK 

6 Name the fibers that pass through the pons and eite 
their functions. 

See the blue Ansvvers tab at the baek of the book. 

The Meseneephalon (Midbrain) 

► KEY POINT The meseneephalon (midbrain) eontains nuclei that proeess visual 
and auditory stimuli. The meseneephalon also eontains major nuclei of the retie- 
ular formation. 


ko-LIK-U-lus; “small hiir’) reeeive visual input from the lateral geniculate of 
the thalamus on the ipsilateral (same) side. The two inferior eollieiili reeeive 
auditory input from nuclei in the medulla oblongata; some of this information 
is forwarded to the medial geniculate on the ipsilateral side. 

The meseneephalon also eontains the major nuclei of the reticular for- 
mation. Stimulation of this region produces a variety of involuntary motor 
responses. Eaeh side of the meseneephalon eontains a pair of nuclei, the red 
nucleus and the substantia nigra gure 16.10 . The red nucleus has numer- 
ous blood vessels, giving it a rieh red eolor. This nucleus proeesses information 
from the eerebmm and cerebellum and issues involuntary motor eommands 
that maintain muscle tone and limb position. The substantia nigra (Nl-grah; 
“blaek”) lies lateral to the red nucleus. The gray matter in this region eontains 
darkly pigmented eells, giving it a blaek eolor. The substantia nigra regulates 
the motor output of the basal nuclei. 

The nerve fiber bundles on the ventrolateral surfaces of the meseneepha- 
lon are the eerebral peduncles ( pediineles , little feet) gures 16.10b and 
16.14). They eontain aseending fibers that synapse in the thalamie nuclei and 
deseending fibers of the eortieospinal pathway earrying voluntary motor eom- 
mands from the primary motor cortex of eaeh eerebral hemisphere. 




gures 16.1, 16.13, and 6.14 show the external anatomy of the mesen- 
eephalon. gure 16.10 and Table 16.4 detail its major nuclei. Its surface 
posterior to the eerebral aqueduct is ealled the roof, or tectum, of the mes- 
eneephalon. This region eontains two pairs of sensory nuclei (superior eollie- 
uli and inferior colliculi) known as the eorpora quadrigemina (KÓR-pò-ra 
qua-dri-]EM-i-na). These nuclei are relay stations eoneerned with proeessing 
visual and auditory sensations. The two superior colliculi (singular, eollieiiliis, 



CONCEPT CHECK 

7 The eorpora quadrigemina are found vvithin vvhat 
portion of the meseneephalon, and vvhat are the 
functions of these structures? 


5ee the blue Ansvvers tab at the baek of the book. 
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Figure 16.10 The Meseneephalon 
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Table 16.4 


The Meseneephalon 


Region/Nucleus 


GRAY MATTER 


Function 



Tectum (roof) 


Superior colliculi 


Inferior colliculi 


Walls and floor 


Substantia nigra 
Red nuclei 


Reticular formation 


Other nuclei/centers 


Integrate visual information with other 
sensory input; initiate reflex responses to 
visual stimuli 


Integrate auditory information with 
medial geniculate nuclei; initiate reflex 
responses to auditory stimuli 


Regulates aetivity in the basal nuclei 


lnvoluntary eontrol of background muscle 
tone and limb position 


Automatic proeessing of ineoming 
sensations and outgoing motor eommands; 
ean initiate motor responses to stimuli; 
helps maintain consciousness 


Nuclei assoeiated with two eranial nerves 
(N III, N IV) 


WHITE MATTER 


Cerebral peduncles 


Connect primary motor cortex with 
motor neurons in brain and spinal eord; 
earry aseending sensory information to 
thalamus 



Posterior view of the dieneephalon and brainstem 


416 The Nervous System 


www.ebook3000.com 















































































16.6 The Dieneephalon 

► KEY POINT The dieneephalon eontains only about 2 pereent of the gray mat- 
ter of the CNS. Hovvever, it is extremely important and has vvidespread eonnee- 
tions. Almost all of the motor and sensory systems of the CNS synapse vvithin the 
dieneephalon. 

The dieneephalon eonneets the brainstem to the eerebral hemispheres. It eon- 
sists of the epithalamiis, the left and right thalamiis, and the hypothalamus. 

Figures 16.1, 16.13, 16.14, 16.21c, and 6.2 show the position of the 
dieneephalon and its relationship to other landmarks in the brain. 

The Epithalamus 

► KEY POINT The epithalamus, the roof of the third ventriele, eontains the 
pineal gland. 

The epithalamus is shown in igures 16.10b, 16.12a, and 16.13a. The 
membranous, anterior portion of the epithalamus eontains a ehoroid plexus 
that extends through the interventricular foramina into the lateral ventrieles. 
The posterior portion of the epithalamus eontains the pineal gland, an endo- 
erine structure that seeretes the hormone melatonin. Melatonin is thought to 
regulate day-night eyeles, with other possible effeets on reproductive function. 
(Chapter 19 deseribes the role of melatonin.) 

The Thalamus 

► KEY POINT The thalamus is the largest mass of nuclei vvithin the entire CNS, 
and the eonneetions vvithin the thalamus are more diverse than any other part of 
the CNS. Nuclei in the thalamus integrate and relay sensory and motor information. 

Most of the nervous tissue in the dieneephalon is eoneentrated in the left 
thalamus and right thalamus igure 16.1 . The two thalami form the 

walls of the dieneephalon and surround the third ventriele igures 16.13 
and 16.21a,b). The thalamie nuclei provide integration and relay eenters for 


sensory and motor pathways. All aseending sensory information from the spi- 
nal eord (other than the spinoeerebellar traets) and eranial nerves (other than 
the olfaetory nerve) synapses in the thalamie nuclei before the information 
is relayed to the eerebmm or brainstem. The thalamus is the final synapse for 
aseending sensory information that is projeeted to the primary somatosensory 
cortex. The thalami aet as information filters, proeessing all of the ineoming 
sensory information and then passing on only a small portion to the eerebmm 
or brainstem. The thalamus also aets as a relay station that eoordinates motor 
aetivities at the conscious and subconscious levels. 

The third ventriele separates the two thalami. When viewed in midsagit- 
tal seetion, the thalamus extends from the anterior commissure to the inferior 
base of the pineal gland gure 16.13a] . A medial projeetion of gray matter, 
the interthalamie adhesion, or massa intermedia, extends into the ventriele 
from the thalarmis on either side (see m tjure 16.22a). 

The thalamus on eaeh side bulges laterally, away from the third ventri- 
ele and anteriorly toward the eerebmm gures 16.11, 16.12, 16.13b, 
16.21a,b, and 16.22). The lateral border of eaeh thalamus is formed by the 
fibers of the internal capsule. Within eaeh thalamus is a mass of several inter- 
eonneeted thalamie nuclei. 

Functions of Thalamie Nuclei 

The thalamie nuclei proeess sensory and motor information and then relay it to 
the basal nuclei and eerebral cortex. The five major groups of thalamie nuclei, 
shown in igure 16.1 and Table 16.5, are the following: 

o The anterior nuclei are part of the limbie system, and they play a role in 
emotions, memory, and learning. They relay information from the hypo- 
thalamus and hippocampus to the cingulate gyms. 

o The medial nuclei provide an awareness of emotional states. They eon- 
neet the basal nuclei and emotion eenters in the hypothalamus with the 
prefrontal cortex of the eerebmm. These nuclei also integrate sensory 
information arriving at other portions of the thalamus before relaying it to 
the frontal lobes of the eerebmm. 


Figure 16.11 TheThalamus 
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Enlarged view of the thalamie nuclei of the left side. The eolor of eaeh nucleus 
or group of nuclei matehes the eolor of the assoeiated eortieal region. The 
boxes either provide examples of the types of sensory input relayed to the 
basal nuclei and eerebral cortex or indieate the existence of important 
feedbaek loops involved with emotional states, learning, and memory. 
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Table 16.5 


The Thalamus 


Structure/Nuclei 

Function 

Anterior group 

Part of the limbie system 

Medial group 

Integrates sensory information and other data arriving 
at the thalamus and hypothalamus for projeetion to 
the frontal lobes of the eerebral hemispheres 

Ventral group 

Projeets sensory information to the primary 
somatosensory cortex of the parietal lobe; relays 
information from cerebellum and basal nuclei to 
motor areas of eerebral cortex 

Posterior group 

Pulvinar 

Lateral geniculate 
nuclei 

Medial geniculate 
nuclei 

Integrates sensory information for projeetion to 
assoeiation areas of eerebral cortex 

Projeet visual information to the visual cortex of 
oeeipital lobe 

Projeet auditory information to the auditory cortex 
of temporal lobe 

Lateral group 

Forms feedbaek loops involving the cingulate gyrus 
(emotional states) and the parietal lobe (integration 
of sensory information) 


O The ventral nuclei relay information from the basal nuclei of the eere- 
brum and the cerebellum to somatie motor areas of the eerebral cortex. 
Ventral group nuclei also relay sensory information about touch, pressure, 
pain, temperature, and proprioeeption (position) to the sensory areas of 
the eerebral cortex. 

o The posterior mielei include the pulvinar and the geniculate nuclei. 
The pulvinar nuclei integrate sensory information and then projeet it 
to the assoeiation areas of the eerebral cortex. The lateral geniculate 
(je-NIK-u-làt; genicula, little knee) nucleus of eaeh thalamus reeeives 
visual information from the eyes. Efferent fibers projeet to the visual 
cortex and to the meseneephalon. The medial geniculate nuclei relay 
auditory information to the auditory cortex from reeeptors of the inner ear. 

e The lateral nuclei are relay stations in feedbaek loops that adjust aetivity 
in the cingulate gyrus and parietal lobe. These nuclei have an impaet on 
emotional states and the integration of sensory information. 

The Hypothalamiis 

► KEY POINT The hypothalamus eontains eenters involved with emotions and 
viseeral proeesses affeeting the cerebrum and parts of the brainstem. It also eon- 
trols a wide variety of autonomic functions and functionally links the nervous 
and endoerine systems. 

The hypothalamus forms the floor of the third ventriele. The hypothalamus 
extends from the area superior to the optie ehiasm, where the optie nerves 
from the eyes arrive at the brain, to the posterior margins of the mamillary 
bodies (Figure 16.12). Posterior to the optie ehiasm, the infundibulum 
(in-fun-DIB-u-lum; infundibulum, funnel) extends inferiorly, eonneeting the 
hypothalamus to the pituitary gland. In life, the diaphragma sellae surrounds 
the infundibulum as it enters the hypophyseal fossa of the sphenoid. 

A midsagittal seetion of the hypothalamus gures 16.1 and 6.13a) 
shows the tuberal area ( tuber , swelling) between the infundibulum and the 
mamillary bodies. The tuberal area eontains nuclei that eontrol the functioning 
of the pituitary gland. 

Functions of the Hypothalamus 

The hypothalamus eontains a variety of important eontrol and integrative 
eenters ( ure 16.12b and Table 16.6). Hypothalamie eenters continually 


reeeive sensory information from the eerebmm, brainstem, and spinal eord. 
Hypothalamie neurons also deteet and respond to ehanges in the CSF and 
interstitial fluid eomposition. Because of the high permeability of the eapillar- 
ies in this region, these eenters also respond to stimuli in the circulating blood. 
Hypothalamie functions include the following: 

■ Subconscious eontrol of skeletal muscle eontraetions: By stimulating 
appropriate eenters in other portions of the brain, hypothalamie nuclei 
direet somatie motor patterns assoeiated with the emotions of rage, plea- 
sure, pain, and sexual arousal. 

■ Control of autonomic function: Hypothalamie eenters adjust and eoordi- 
nate the aetivities of autonomic eenters in other parts of the brainstem 
that are eoneerned with regulating heart rate, blood pressure, respiration, 
and digestive functions. 

■ Coordination of aetivities of the nervous and endoerine systems: The hypo- 
thalamus eontrols the nervous and endoerine systems by inhibiting or 
stimulating endoerine eells within the pituitary gland. 

■ Seeretion of hormones: The supraoptic nucleus seeretes antidiuretic 
hormone, which regulates water loss by the kidneys. The paraventricular 
nucleus seeretes oxytocin, which stimulates smooth muscle eontrae- 
tions in the uterus and prostate gland and myoepithelial eell eontraetions 
in the mammary glands. Both hormones are transported along axons down 
the infundibulum into the posterior portion of the pituitary gland and are 
released into the circulation. 

■ Production of emotions and behavioral drives: Speeifie hypothalamie een- 
ters produce sensations that lead to ehanges in voluntary or involuntary 
behavior patterns. For example, stimulation of the thirst eenter produces 
the desire to drink. 

■ Coordination between voluntary and autonomic functions: When you 
are faeing a stressful situation, your heart rate and respiratory rate go 
up and your body prepares for an emergeney. These autonomic adjust- 
ments occur because eerebral aetivities are monitored by the hypo- 
thalamus. The autonomic nervous system (ANS) is a division of the 
peripheral nervous system. The ANS eonsists of two divisions: sympa- 
thetie and parasympathetie. The sympathetie division stimulates tissue 
metabolism, inereases alertness, and prepares the body to respond to 
emergeneies; the parasympathetie division promotes sedentary aetivities 
and eonserves body energy. (Chapter 17 discusses these divisions and 
their relationships.) 

■ Regulation of body temperature: The pre-optie area of the hypothalamus 
eontrols physiologieal responses to ehanges in body temperature. 

■ Control of eireadian rhythms: The suprachiasmatic nucleus eoordinates 
daily eyeles of aetivity that are linked to the day-night eyele. This nucleus 
reeeives direet input from the retina of the eye, and its output adjusts the 
aetivities of other hypothalamie nuclei, the pineal gland, and the reticular 
formation. 



CONCEPT CHECK 

8 What area of the dieneephalon is stimulated by 
ehanges in body temperature? 

9 Which region of the dieneephalon helps eoordinate 
somatie motor aetivities? 


5ee the blue Ansvvers tab at the baek of the book. 
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Figure 16.12 The Hypothalarrms 
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Table 16.6 


The Hypothalamus 


b 


Enlarged view of the hypothalamus showing 
the loeations of major nuclei and eenters 


Tuberal area 


Optie ehiasm 


lnfundibulum 


Anterior lobe of - 
pituitary gland 


Posterior lobe of 
pituitary gland 

Pars distalis 
Pars intermedia 



Region/Nucleus 

Function 

Hypothalarrms in 
general 

Oontrols autonomic functions; sets 
appetitive drives (thirst, hunger, sexual 
desire) and behaviors; sets emotional 
states (vvith limbie system); integrates vvith 
endoerine system (see Ohapter 19) 

Paraventricular nucleus 

Seeretes oxytocin, stimulating smooth 
muscle eontraetions in uterus and mammary 
glands 

Pre-optie area 

Regulates body temperature via eontrol of 
autonomic eenters in the medulla oblongata 

Autonomic eenters 

-Sympathetie 

— Parasympathetie 

Oontrol heart rate and blood pressure via 
regulation of autonomic eenters in the 
medulla oblongata 

Tuberal nuclei 

Produce inhibitory and releasing hormones 
that eontrol endoerine eells of the anterior 
lobe of the pituitary gland 

Mammillary bodies 

Oontrol feeding reflexes (lieking, 
svvallovving, ete.) 

Suprachiasmatic nucleus 

Regulates daily (eireadian) rhythms 

-Supra-optic nucleus 

Seeretes antidiuretic hormone, restrieting 
vvater loss at the kidneys 
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Figure 16.13 Seetional Views of the Brain 
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A eoronal seetion through the brain 
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Figure 16.14 The Dieneephalon and Brainstem 
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Sagittal view of the brainstem with a portion 
of the cerebellum seetioned and removed 
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d 


Posterior view of the brainstem 
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16.7 The Cerebellum 


CLINICAL NOTE 


► KEY POINT The cerebellum has eonneetions with the eerebral cortex, internal 
ear, and spinal eord. Eaeh eerebellar hemisphere regulates and eoordinates mus- 
cular aetivity only on its ipsilateral side. 

The eerebelliim has two eerebellar hemispheres, eaeh with a highly folded 
surface eomposed of eerebellar cortex ìgures 16.15, 16.16, and 6.1 . 

These folds are termed the folia (FÓ-lè-a) of the eerebelliim. Eaeh hemi- 
sphere eonsists of two lobes, anterior and posterior, which are separated by 
the primary fissure. Along the midline, a narrow band of cortex, known as 
the vermis (VER-mis; "worm"), separates the eerebellar hemispheres. Slender 
flocculonodular (flok-u-lò-NOD-u-lar) lobes lie anterior and inferior to the 
eerebellar hemisphere. The anterior and posterior lobes assist in the planning, 
execution, and eoordination of limb and trunk movements. The flocculonodu- 
lar lobe is important for balanee and eye movements. Table 16.7 summarizes 
the structures of the cerebellum and their functions. 

The eerebellar cortex eontains huge, highly branehed Purkinje (pur-KIN-jé) 
eells gure 16.15b]. Purkinje eells have massive pear-shaped eell bodies 
with numerous large dendrites fanning out into the gray matter of the eerebel- 
lar cortex. Axons from the basal portion of these Purkinje eells projeet deep into 
the white matter to reaeh the eerebellar nuclei. Internally, the white matter 
of the cerebellum forms a branehing array that, in seetional view, resembles a 
tree. Anatomists eall it the arbor vitae, or “tree of life.” 

The cerebellum reeeives proprioeeptive information (indieating body 
position) from the spinal eord and monitors all proprioeeptive, visual, taetile, 
balanee, and auditory sensations reeeived by the brain. Most axons earrying 
sensory information do not synapse in the eerebellar nuclei but pass through 
the deeper layers of the eerebellar cortex to end near the eortieal surface. There, 
they synapse with the dendritie proeesses of the Purkinje eells. Traets eontain- 
ing the axons of Purkinje eells then relay motor eommands to nuclei within 
the eerebmm and brainstem. 

Motor eommands issued by the eerebral cortex pass through the pons 
before reaehing the cerebellum. A relatively small portion of these afferent 
fibers synapse within eerebellar nuclei before projeeting to the eerebellar cortex. 

Traets linking the cerebellum with the brainstem, eerebmm, and spinal 
eord leave the eerebellar hemispheres as the superior, middle, and inferior eer- 
ebellar peduncles (Figures 16.13a,b, 16.14c,d, and 16.15b). The superior 
eerebellar pednneles link the eerebellmn with nuclei in the meseneephalon, 
dieneephalon, and eerebmm. The middle eerebellar pedvmeles eonneet the 


Table 16.7 


The Cerebellum 


Region/Nucleus 

Function 

GRAY MATTER 

Cerebellar cortex 

Subconscious eoordination and eontrol of ongoing 
movements of body parts 

Cerebellar nuclei 

Subconscious eoordination and eontrol of ongoing 
movements of body parts 

WHITE MATTER 

Arbor vitae 

Connects eerebellar cortex and nuclei with 
eerebellar peduncles 

Cerebellar peduncles 

Superior 

Middle 

Inferior 

Link the cerebellum with meseneephalon, 
dieneephalon, and cerebrum 

Contain transverse fibers and earry communications 
between the cerebellum and pons 

Link the cerebellum with the medulla oblongata 
and spinal eord 




Cerebellar Dysfunction 


The cerebellum assists in skeletal muscle eoordination and 
fine movements, balanee, and equilibrium. Abnormal 
eerebellar function causes unsteady gait, tremors, jerky 
movements of the arms or legs, slurred speeeh, and nystagmus 
(rapid, continuous eye movements). In other words, eerebellar 
dysfunction looks like failing a roadside sobriety test. 

Causes of eerebellar dysfunction include eerebral palsy (brain 
injury before, during 7 or soon after birth), hereditary eonditions, 
stroke, multiple selerosis (causing eerebellar plaques), infeetions 
(meningitis), tumors, trauma, vitamin defieieneies, drugs, ortoxins. 
Ataxia is the medieal term for loss of muscle eoordination in the 
arms or legs due to eerebellar dysfunction. 

Acute aleohol intoxication (drunkenness) produces a loss of 
eoordination that mimies eerebellar ataxia. ehronie aleoholism kills 
eerebellar neurons, causing permanent eerebellar ataxia. 


v_y 

eerebellar hemispheres with sensory and motor nuclei in the pons. The inferior 
eerebellar peduncles eonneet the cerebellum and nuclei in the medulla oblon- 
gata and earry aseending and deseending eerebellar traets from the spinal eord. 

The cerebellum is an automatic proeessing eenter that has two primary 
functions: 

o Adjusting the postural muscles of the body: The cerebellum eoordinates 
rapid, automatic adjustments that maintain balanee and equilibrium. 
These alterations in muscle tone and position are made by modifying the 
aetivity of the red nucleus. 

o Programming and fine-tuning voluntary and involuntary movements: The 
cerebellum stores memories of learned movement patterns. These functions 
are performed indireetly by regulating aetivity along motor traets involving 
the eerebral cortex, basal nuclei, and motor eenters in the brainstem. 



CONCEPT CHECK 

10 Name the three structures that link the eerebellimn 
with the cerebrum, brainstem, and spinal eord. 

11 What are the two primary functions of the 
cerebellum? 


See the blue Ansvvers tab at the baek of the book. 


16.8 The Cerebrum 

► KEY POINT The cerebrum is the largest region of the brain. It eonsists of the 
paired eerebral hemispheres, which rest on the dieneephalon and brainstem. 
Conscious thought proeesses and a11 intellectual functions originate in the eere- 
bral hemispheres. 

Much of the eerebmm is involved in proeessing somatie sensory and motor 
information. Somatosensory information relayed to the eerebmm reaehes our 
conscious awareness, and eerebral neurons exert direet (voluntary) or indireet 
(involuntary) eontrol over somatie motor neurons. Most viseeral sensory pro- 
eessing and viseeral motor (autonomic) eontrol occur at eenters elsewhere in 
the brain, usually outside our conscious awareness. igures 16.16 and J6.17 
provide additional perspeetive on the eerebmm and its relationships with other 
regions of the brain. 
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Figure 16.15 The Cerebellum 
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Superior surface of the cerebellum. This view shows major anatomieal landmarks and regions. 
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The Cerebral Hemispheres 

► KEY POINT While the two eerebral hemispheres appear identieal anatomi- 
eally, they have some fiinetional differenees. A region of the eerebral cortex may 
have more than one fiinetion. 

A thiek blanket of siiperfieial gray matter (eerebral cortex) eovers the paired 
eerebral hemispheres that form the superior and lateral surfaces of the eere- 
brum (Figure 16.17). The eortieal surface is marked by gyri and sulci. The 
gyri inerease the surface area of the eerebral hemispheres, providing spaee for 
additional eortieal neurons. The eerebral cortex performs the most eomplieated 
neural functions, and these analytieal and integrative aetivities require large 


numbers of neurons. The brain and cranium have both enlarged in the course 
of human evolution, but the eerebral cortex has grown more than the rest of 
the brain. 

The Cerebral Lobes 

The deep longitudinal fissure separates the two eerebral hemispheres 
(Figure 16.16). Eaeh hemisphere is divided into lobes named after the over- 
lying bones of the skull. A deep groove, the eentral sulcus, extends laterally 
from the longitudinal fissure. The frontal lobe is anterior to the eentral sul- 
cus, and the lateral sulcus marks the frontal lobe’s inferior border. The region 
inferior to the lateral sulcus is the temporal lobe. Refleeting (pulling baek) 


Figure 16.16 The Cerebral Hemispheres, Part I. The eerebral hemispheres are the largest part of 
the adult brain. 
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this lobe to the side exposes the insula (IN-su-la), a hidden “island” of cortex 
(Figure 16.17). The parietal lobe extends posteriorly from the eentral sulcus 
to the parieto-oeeipital sulcus. The region posterior to the parieto-oeeipital 
sulcus is the oeeipital lobe gure 16.16] . 

Eaeh lobe eontains functional regions whose boundaries are not defined. 
Some of these functional regions proeess sensory information, while others are 
responsible for motor eommands. Note the following three points about the 
eerebral lobes: 

o Eaeh eerebral hemisphere reeeives sensory information from and gener- 
ates motor eommands to the eontralateral (opposite) side of the body. 
Therefore, the left hemisphere eontrols the right side, and the right hem- 
isphere eontrols the left side. This erossing over has no known functional 
signifieanee. 

o The two hemispheres have some functional differenees. 

o The assignment of a speeifie function to a speeifie region of the eerebral 
cortex is impreeise. Any one region may have several different functions. 
Some aspeets of eortieal function, such as consciousness, eannot easily be 
assigned to any single region. 

Our understanding of brain function is still ineomplete, and not every 
anatomieal feature has a known function. However, it is elear from studies on 
metabolie aetivity and blood flow that a normal individual uses all portions of 
the brain. 


Motor and Sensory Areas of the Cerebral Cortex 

Conscious thought proeesses and all intellectual functions originate in the 
eerebral hemispheres. However, much of the eerebmm is involved with the 
proeessing of somatie sensory and motor information. ggure 16.17a and 
Table 16.8 detail the major motor and sensory regions of the eerebral cortex. 
The eentral sulcus separates the motor and sensory portions of the cortex. The 
preeentral gyrus of the frontal lobe forms the anterior margin of the eentral 
sulcus. The surface of this gyrus is the primary motor cortex. Neurons of 
the primary motor cortex direet voluntary movements by eontrolling somatie 
motor neurons in the brainstem and spinal eord. The neurons of the primary 
motor cortex are ealled pyramidal eells, and the pathway that provides vol- 
untary motor eontrol is known as the eortieospinal pathway, or pyramidal 
system. pp. 394-395 

The posteentral gyrus of the parietal lobe forms the posterior margin 
of the eentral sulcus, and its surface eontains the primary somatosensory 


Table 16.8 


The Cerebral Cortex 


Region (Lobe) 


FRONTAL LOBE 


Fiinetion 


Primary motor cortex 


Conscious eontrol of skeletal muscles 


PARIETAL LOBE 


Primary somatosensory 
cortex 


Conscious pereeption of touch, pressure, 
vibration, pain, temperature, and taste 


OCCIPITAL LOBE 


Visual cortex 


Conscious pereeption of visual stimuli 


TEMPORAL LOBE 


Auditory cortex and 
olfaetory cortex 


Conscious pereeption of auditory and 
olfaetory stimuli 


ALL LOBES 


Assoeiation areas 


Integration and proeessing of sensory data; 
proeessing and initiation of motor aetivities 


cortex. The posterior columns and spinothalamie traets provide the neurons 
in this region with sensory information from touch, pressure, pain, taste, and 
temperature reeeptors. t) pp. 388-394 We are consciously aware of these sensa- 
tions because the sensory information has been relayed to the primary somato- 
sensory cortex. At the same time, neurons deliver information to the basal 
nuclei and other eenters. As a result, sensory information is monitored at both 
eonsekms and unconscious levels. 

Sensory information eoneerning sensations of sight, sound, and smell 
arrives at other portions of the eerebral cortex. The visual cortex of the 
oeeipital lobe reeeives visual information, and the auditory cortex and 
olfaetory cortex of the temporal lobe reeeive information eoneerned with 
hearing and smelling, respeetively. The gustatory cortex lies in the anterior 
portion of the insula and adjaeent portions of the frontal lobe. This region 
reeeives information from taste reeeptors of the tongue and pharynx. The 
regions of the eerebral cortex involved with speeial sensory information are 
shown in Figure 16.17a. 


Assoeiation Areas 

Eaeh of the sensory and motor regions of the cortex is eonneeted to a 
nearby assoeiation area gure 16.17a). The term “assoeiation area” 
is used for regions of the cerebrum involved with integrating and under- 
standing sensory or motor information. These areas do not direetly reeeive 
sensory information, and they do not generate motor eommands. Instead, 
they interpret sensory input arriving elsewhere in the eerebral cortex. The 
assoeiation areas then plan, prepare for, and help eoordinate motor out- 
put. For example, the somatosensory assoeiation area allows you to 
understand the size, form, and texture of an objeet, and the premotor 
cortex uses memories of learned movement patterns to eoordinate motor 
aetivities. 

The functional distinetions between the sensory and motor assoeia- 
tion areas are most evident after a loealized brain injury. For example, an 
individual with a damaged visual assoeiation area may see letters quite 
elearly but may not be able to reeognize or interpret them. This person 
would sean the lines of a printed page and see rows of symbols that eonvey 
no meaning. People with damage to the area of the premotor cortex eon- 
eerned with eoordination of eye movements ean understand written letters 
and words but eannot read them because their eyes eannot follow the lines 
on a printed page. 

Higher-Order Functions 

► KEY POINT The eerebral cortex performs higher-order fiinetions that involve 

complex communication vvithin the eerebral cortex and betvveen the eerebral 

cortex and other areas of the brain. 

Higher-order functions have the following eharaeteristies: 

■ They are performed by the eerebral cortex. 

■ They involve complex intereonneetions and eomrmmieation between areas 
within the eerebral cortex and between the eerebral cortex and other areas 
of the brain. 

■ They involve both conscious and unconscious information proeessing. 

■ They are not part of the programmed “wiring” of the brain; therefore, the 
functions are subject to modifieation and adjustment over time. 

First, let’s identify the eortieal areas involved and discuss functional differ- 
enees between the right and left hemispheres. We will then briefly eonsider the 
meehanisms of memory, learning, and consciousness. 
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Figure 16.1 The Cerebral Hemispheres, Part II. Lobes and functional regions. 
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CLINICAL NOTE 




Mkroeephaly and Hydrocephalus 

Mieroeephaly is a birth defeet in vvhieh the head circumference 
is much smaller than expected for age and sex. As a fetus develops, 
the skull enlarges in response to grovvth and development of the 
brain. If the brain does not develop normally or stops developing, 
the entire head vvill be small. The lifelong disabilities that result from 
mieroeephaly ean range from minimal to so severe that the baby vvill 
be blind, deaf # and unable to sit # svvallovv, or learn. 

Often the cause of mieroeephaly is unknown. Some eases result from 
genetie abnormalities. Certain infeetions, including rubella # HIV # herpes # 
and syphilis # are known to cause mieroeephaly. Several drugs and toxic 
chemicals # particularly aleohol, are assoeiated with it. Recently # clusters 
of mieroeephaly eases in areas affeeted by the Zika virus have led to eon- 
eerns about a causal relationship. Zika virus is spread to people through 
the bite of an infeeted Aedes aegypti mosquito and other methods of 
transmission: sexual intercourse # blood transfusion # and lab exposure. 



Zika virus was cultured from the plaeenta of this ehild, born in Brazil. 

Hydrocephalus is a eondition marked by an excessive accumulation 
of eerebrospinal fluid (CSF) within the brain ventrieles. This puts pressure 
on brain tissue and # in infants with fontanelles and open skull sutures # 



enlarges the head. The CSF that circulates through the ventricular system 
and flows through the subarachnoid spaee should eventually re-enter 
the circulation through the araehnoid granulations. When this circulation 
is disrupted # the fluid accumulates # enlarging the head and sometimes 
causing brain damage. 

Hydrocephalus ean result from inherited genetie abnormalities or 
developmental problems. Other causes include eneephalitis (a brain 
infection) # meningitis (infeetion of the meninges eovering the brain) # 
trauma # and tumors. Acquired hydrocephalus # which ean occur at any 
age after birth # ean be due to head injuries # strokes # infections # tumors # 
and bleeding in the brain. 

Llntreated hydrocephalus is usually fatal. Treatment involves 
surgically inserting a shunt into the ventriele to divert the excess CSF 
to another part of the body for absorption. 



This infant has severe hydrocephalus # a eondition usually caused by 
impaired circulation and removal of eerebrospinal fluid. CSF buildup 
distorts the brain and enlarges the cranium. 

_ ) 


Integrative Centers of the Cerebral Cortex 

Integrative eenters reeeive information from many assoeiation areas and direet 
extremely complex motor aetivities, as well as performing analytieal functions. 
For example, the prefrontal cortex, or prefrontal assoeiation area, of the frontal 
lobe integrates information from sensory assoeiation areas and performs intellee- 
tual functions, such as predieting the consequences of possible responses. These 
eenters are loeated in the lobes and eortieal areas of both eerebral hemispheres. 

Centers such as the prefrontal cortex, Broea’s area, and ^ernieke’s area 
are eoneerned with proeesses such as mathematieal computation, speeeh, writ- 
ing, and understanding spatial relationships. They are largely restrieted to either 
the left or the right hemisphere. Although the two hemispheres look almost 
identieal, they have different functions, a phenomenon ealled hemispherie 
lateralization. The eorresponding regions on the opposite hemisphere are also 
aetive, but their functions are less well defined. 


The Speeialized Language Areas in the Brain 

Language proeessing is much more eomplieated than previously thought, and 
brain imaging studies have shown that language proeessing occurs in both 
hemispheres and varies from one person to the next. 

Two important eortieal areas with varying functions related to human lan- 
guage are Wernicke’s area and the speeeh eenter ure 16.18 . Both are pri- 
marily assoeiated with the left eerebral hemisphere. Wernicke's area is near 
the auditory cortex and is assoeiated with language eomprehension. This ana- 
lytieal eenter reeeives information from the sensory assoeiation areas and plays 
an important role in your personality by integrating sensory information and 
eoordinating aeeess to visual and auditory memories. 

The speeeh eenter (also termed Broea's area) is near the motor eor- 
tex and is assoeiated with speeeh production. The speeeh eenter regulates 
the patterns of breathing and voealization needed for normal speeeh. This 
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Figure 16.18 Integrative Regions of the Cerebral Cortex 
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regulation involves eoordinating the aetivities of the respiratory muscles, the 
laryngeal and pharyngeal muscles, and the muscles of the tongue, eheeks, 
lips, and jaws. A person with damage to the speeeh eenter area ean make 
sounds but not words. 

The motor eommands issued by the motor speeeh eenter are adjusted by feed- 
baek from the auditory assoeiation area, also ealled the reeeptive speeeh area. 
Damage to the related sensory areas ean cause a variety of speeeh-related prob- 
lems. Some affeeted individuals have difficulty speaking, although they know 
exactly which words to use. Others talk eonstantly but use all the wrong words. 

The Prefrontal Cortex 

The prefrontal cortex of the frontal lobe eoordinates information relayed 
from all of the eortieal assoeiation areas. In doing so, it performs such abstraet 
intellectual functions as predieting the consequences of events or aetions. The 
prefrontal cortex does not fully develop until the early 20s. Damage to the pre- 
frontal cortex leads to difficulties in estimating temporal relationships between 
events. Questions such as “How long ago did this happen? ,> or “VVhat hap- 
pened first?” beeome difficult to answer. 

The prefrontal cortex has extensive eonneetions with other eortieal areas 
and with other portions of the brain. Feelings of fmstration, tension, and 
anxiety are generated as the prefrontal cortex interprets ongoing events and 
makes predietions about future situations or consequences. If the eonneetions 
between the prefrontal cortex and other brain regions are physieally severed, 
the fmstrations, tensions, and anxieties are removed. During the middle of the 
20th century, a rather drastie procedure, ealled prefrontal lobotomy, was 
used to “cure” a variety of mental illnesses, espeeially those assoeiated with 
violent or antisoeial behavior. After a lobotomy, the patient would no longer 
be eoneerned about what had previously been a major problem, whether psy- 
ehologieal (hallucinations) or physieal (severe pain). However, the individual 
was often equally unconcerned about taet, deeomm, and toilet training. Sinee 
then, dmgs that target speeifie pathways and regions of the CNS have been 
developed, so lobotomies are no longer used to ehange behavior. 

Hemispherie Lateralization 

As mentioned, eaeh of the two eerebral hemispheres is responsible for spe- 
eifie functions that are not ordinarily performed by the opposite hemisphere, 
a type of speeialization known as hemispherie lateralization. In most peo- 
ple, the left hemisphere eontains the speeialized language areas of the brain 
and is responsible for language-based skills. For example, reading, writing, 
and speaking depend on proeessing done in the left eerebral hemisphere. In 
addition, the premotor cortex involved with the eontrol of hand movements 
is larger on the left side for right-handed individuals than for left-handed 
ones. The left hemisphere is also important in performing analytieal tasks, 
such as mathematieal calculations and logieal deeision-making. 


The right eerebral hemisphere analyzes sensory information and relates the 
body to the sensory environment. Interpretive eenters in this hemisphere per- 
mit you to identify familiar objeets by touch, smell, sight, or taste. For example, 
the right hemisphere plays a dominant role in reeognizing faees and in under- 
standing three-dimensional relationships. It is also important in analyzing the 
emotional context of a eonversation—for instanee, distinguishing between the 
threat “Get lost!” and the question “Get lost?” Individuals with a damaged right 
hemisphere may be unable to add emotional infleetions to their own words. 

Left-handed people represent about 9 pereent of the human popu- 
lation. In most eases, the primary motor cortex of the right hemisphere 
eontrols motor function for the dominant (left) hand. However, the een- 
ters involved with speeeh and analytieal function are in the left hemi- 
sphere, just as they are in right-handed people. Interestingly, an unusually 
high pereentage of musicians and artists are left-handed. Additionally, the 
more a person favors one hand over the other, the stronger the eonnee- 
tion with the other side of the brain. This suggests that as a speeies, we 
beeame left- or right-handed when we started developing language about 
100,000 years ago. 

The Central White Matter 

► KEY POINT The eentral white matter of the eerebmm earries afferent infor- 
mation between areas of the eerebral cortex and between the eerebral cortex 
and other brain regions. 

The eentral white matter is eovered by the gray matter of the eerebral cortex 
(Figiire 16.19 . It eontains myelinated fibers forming bundles that eonneet 
one eortieal area to another or that eonneet areas of the cortex to other regions 
of the brain. These bundles include the following: 



CLINICAL NOTE 


Damage to the Speeialized 


Language Areas 


Aphasia (a- without + phasia, speeeh) is a neurological 
eondition caused by damage to the portions of the brain that are 
responsible for language. It is caused by an acquired lesion of the 
brain. 

People with expressive aphasia, also ealled motor aphasia, have 
trouble speaking words and sentenees, while those with reeeptive 
aphasia, also ealled sensory aphasia, have trouble understanding 
spoken or written language. Global aphasia involves extensive 
damage to Broea's area in which all aspeets of speeeh and 
communication are impaired. Nominal aphasia, the least severe 
form, involves trouble finding the eorreet word for particular 
objeets, people, plaees, or events. 

Stroke vietims with lesions in the language area area ean often 
reeover slowly over years. A speeeh disorder known as stuttering 
may be assoeiated with underactivity in the language area. 

Dyslexia (/ex/s, dietion) is the most eommon reading learning 
disability and often affeets spelling as well. Dyslexia ean affeet 
intelligent people—many famous people, including Albert 
Einstein, are dyslexic. Dyslexia has a familial, inherited basis. It is 
neurobiological in origin, refleeting a defieit in the speeialized 
language areas of the brain. Adult-onset dyslexia is usually the 
result of brain injury or dementia. 
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Figure 16.19 The Central White Matter. Shown are the major groups of 
axon fibers and traets of the eentral white matter. 




Lateral aspeet of the brain showing 
arcuate fibers and longitudinal fasciculi 




Longitudinal fissure 


Intemal capsule 


Anterior view of the brain 
showing commissural and 
projeetion fibers 


■ Assoeiation fibers: These fibers intereonneet areas of cortex within a sin- 
gle eerebral hemisphere. The shortest assoeiation fibers are ealled arcuate 
(AR-ku-at) fibers because they curve in an are to pass from one gyrus to 
another. The longer assoeiation fibers are organized into diserete bundles. 
The longitudinal fasciculi eonneet the frontal lobe to the other lobes of 
the same hemisphere. 

■ Commissural fibers: These fibers link the two eerebral hemispheres 
together. A dense band of commissural (kom-I-sur-al; eommissma, a eross- 
ing over) fibers permits communication between the two hemispheres. 
Prominent commissural bundles linking the eerebral hemispheres include 

the corpus callosum and the anterior commissure. 


Table 16.9 


White Matter of the Cerebrum 


Fibers/Traets 

Function 

Assoeiation fibers 

-■ 

intereonneet eortieal areas within the same 
hemisphere 

Arcuate fibers 

intereonneet gyri within a lobe 

Longitudinal fasciculi 

intereonneet the frontal lobe with other 
eerebral lobes 

Commissural fibers 

Corpus callosum 

Anterior commissure 

intereonneet eorresponding lobes of 
different hemispheres 

Projeetion fibers 

Connect eerebral cortex to dieneephalon, 
brainstem, cerebellum, and spinal eord 


The basal mielei are masses of gray matter that lie within eaeh hemisphere 
deep to the floor of the lateral ventriele. They are embedded in the white matter 
of the eerebmm. The radiating projeetion fibers and commissural fibers travel 
around or between these nuclei (I igure 16.20). 

Historieally, the basal nuclei have been eonsidered part of a larger func- 
tional group known as the basal ganglia. This group included the basal nuclei of 
the eerebmm and the assoeiated motor nuclei in the dieneephalon and mesen- 
eephalon. The basal nuclei include the caudate nucleus and lentiform nucleus. 

The eandate (KOW-dàt) nucleus has a large head and a slender, curv- 
ing tail that follows the curve of the lateral ventriele. The head of the caudate 
nucleus lies anterior to the lentiform nucleus. The lentiform nucleus eonsists 
of a lateral putamen (pu-TÀ-men) and a medial globus pallidus (GLÓ-bus 
PAL-ih-dus; “pale globe ,> ). The term corpus striatum (striated body) has been 
used to refer to the caudate and lentiform nuclei, or to the caudate nucleus and 
putamen. The name refers to the striated (striped) appearanee of the internal 
capsule as its fibers pass among these nuclei. The claustrum is a thin layer of 
gray matter lying elose to the putamen. The amygdaloid body, part of the limbie 
system, lies anterior to the tail of the caudate nucleus and inferior to the lenti- 
form nucleus (Figure 16.20). 


r 




■ Projeetion fibers: These fibers link the eerebmm with other regions of 
the brain and the spinal eord. All aseending and deseending axons must 
pass through the dieneephalon on their way to or from sensory, motor, 
or assoeiation areas of the eerebral cortex. In gross disseetion, the afferent 
fibers and efferent fibers look alike, and the entire eolleetion of fibers is 
known as the internal capsule. 

Table 16.9 summarizes the names and functions of these groups. 

The Basal Nudei 

► KEY POINT The basal nuclei are paired masses of gray matter within the eer- 
ebral hemispheres. They are embedded within the eentral white matter, and the 
projeetion and commissural fibers travel around or between these nuclei. 


Fimetions of the Basal Nuclei 

The basal nuclei (1) subconsciously eontrol and integrate skeletal muscle 
tone, (2) eoordinate learned movement patterns, and (3) proeess, integrate, 
and relay information from the eerebral cortex to the thalamus. These nuclei 
do not initiate particular movements. However, onee a movement is under 
way, the basal nuclei eoordinate the movement by providing the general 
pattern and rhythm. This is espeeially true for movements of the trunk and 
proximal limb muscles. Next, let's look at some functions assigned to speeifie 
basal nuclei. 

Caudate Nucleus and Putamen When you walk, the caudate nucleus 
and putamen eontrol the eyeles of arm and leg movements that occur between 
the time you deeide to start walking and the time you deeide to stop. 


ehapter 16 The Nervous System: The Brain and Cranial Nerves 


429 
























































Figure 16.20 The Basal Nuclei 
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Table 16.10 


The Basal Nuclei 


Nuclei 

Function 

Caudate nucleus 

Subconscious 
adjustment and 
modifieation of 
voluntary motor 
eommands 

Lentiform nucleus 

— Putamen 

— Globus pallidus 

Subconscious 
adjustment and 
modifieation of 
voluntary motor 
eommands 

Claustrum 

Plays a role in 
the subconscious 
proeessing of visual 
information 

Amygdaloid body 

Component of 
limbie system 
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GlobllS PallidllS The globus pallidus eontrols and adjusts muscle tone, par- 
ticularly in the appendicular muscles, to set body position in preparation for 
a voluntary movement. For example, when you deeide to piek up an objeet, 
the globus pallidus positions your shoulder and stabilizes your arm as you eon- 
sciously reaeh and grasp with your forearm, wrist, and hand. The functions of 
other basal nuclei are poorly understood. 

Other nuclei, while not anatomieally part of the basal nuclei, are elosely 
tied to the functions of the basal nuclei. These structures include the substantia 
nigra and the subthalamic nuclei. Table 16.10 summarizes these relationships 
and the functions of the basal nuclei. 

The Limbie System 

► KEY POINT Emotions, thoughts, and behaviors are elosely linked in the 
human brain. The term limbie system is given to those portions of the brain eon- 
eerned with emotions and behaviors that are ultimately related to the preserva- 
tion of the individual and the preservation of the speeies. 

The limbie (LIM-bik; limbus, border) system includes nuclei and traets along 
the border between the eerebmm and dieneephalon. The functions of the limbie 
system include (1) establishing emotional states and related behavioral drives, 
(2) linking the conscious, intellectual functions of the eerebral cortex with the 
unconscious and autonomic functions of other portions of the brain, and (3) 
faeilitating memory storage and retrieval. This system is a functional grouping 
rather than an anatomieal one, and the limbie system includes eomponents of the 
eerebmm, dieneephalon, and meseneephalon ( ígure 16.2 and Table 16.11). 


The amygdaloid body gures 16.20a,c and 16.21b' is thought to aet 
as an integration eenter between the limbie system, the eerebmm, and vari- 
ous sensory systems. The limbie lobe of the eerebral hemisphere eonsists of 
the gyri and deeper structures adjaeent to the dieneephalon. The cingulate 
(SIN-gu-làt; eingiihim, girdle or belt) gyrus is superior to the corpus eallo- 
sum. The dentate gyrus and the adjaeent parahippoeampal (pa-ra-hip-ò- 
KAM-pal) gyrus eoneeal an underlying nucleus, the hippocampus, which 


Table 16.11 Components of the Limbie System 


Overall fimetions of 
limbie system 

Proeessing of memories, ereation of emotional 
states, drives, and assoeiated behaviors 

Cerebral eomponents 

Cortical areas 

Nuclei 

Traets 

Limbie lobe (cingulate gyrus, dentate gyrus, 
and parahippoeampal gyrus) 

Hippocampus, amygdaloid body 

Fornix 

Dieneephalie eomponents 

Thalamus 

Hypothalamus 

Anterior nuclei 

Centers eoneerned with emotions, appetites 
(thirst, hunger), and related behaviors 

(Table 16.6) 

Other eomponents 

Reticular formation 

Network of intereonneeted nuclei throughout 
brainstem 


Figiire 16.21 The Limbie System 
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Sagittal seetion through the eerebmm showing the eortieal areas 
assoeiated with the limbie system. The parahippoeampal and dentate gyri 
are shown as if transparent so that deeper limbie eomponents ean be seen. 



Additional details eoneerning the three-dimensional 
structure of the limbie system. 
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lies deep within the temporal lobe (see igures 16.20 and 6.2 . Early 

anatomists thought this nucleus resembled a seahorse ( hippocampus ); it plays 
an essential role in learning and the storage of long-term memories. 

The fornix (FÓR-niks; << arch >> ) igure 16.12 is a traet of white matter 
eonneeting the hippocampus with the hypothalamus. Exiting the hippoeam- 
pus, the fornix curves medially and superiorly, passing inferior to the corpus 
callosum. It then forms an areh and curves anteriorly, ending in the hypothal- 
amus. Many of the fibers of the fornix end in the mammillary (MAM-i-lar-è; 
mammilla, breast) bodies, which are prominent nuclei in the floor of the 
hypothalamus. The mammillary bodies eontain motor nuclei that eontrol 
reflex movements assoeiated with eating, such as chewing, lieking, and 
swallowing. 

Several other nuclei in the thalamus and hypothalamus of the dien- 
eephalon are eomponents of the limbie system. The anterior nucleus of the 
thalamus relays viseeral sensations from the hypothalamus to the cingulate 
gyrus. Experimental stimulation of the hypothalamus has loealized a number 


of important eenters responsible for the emotions of rage, fear, pain, sexual 
arousal, and pleasure. 

Stimulation of the hypothalamus also produces heightened alertness and 
generalized excitement. This response is caused by stimulation of the reticular 
formation, an intereonneeted network of brainstem nuclei. Stimulation of 
adjaeent portions of the hypothalamus or thalarmis depresses reticular aetivity, 
resulting in generalized weariness or actual sleep. 



CONCEPT CHECK 

12 Identify the lobes of eaeh eerebral hemisphere and 
eite their fimetions. 

13 List and deseribe the three major groups of axons in 
the eentral vvhite matter. 


See the blue Ansvvers tab at the baek of the book. 



CLINICAL NOTE 


A zheimer s Disease 


Alzheimer's disease is a ehronie, progressive illness eharaeterized 
by memory loss and impairment of higher-order eerebral 
functions including abstraet thinking, judgment and personality. It 
is the most eommon cause of senile dementia, or senility. Symptoms 
may appear at age 50-60 or later, although the disease oeeasionally 
affeets younger individuals. Alzheimer's disease has vvidespread 
impaet. An estimated 4 million people in the Llnited States have 
Alzheimer's—including roughly 3 pereent of those from age 65 to 70, 
vvith the number doubling for every five years of aging until nearly 
50 pereent of those over age 85 have some form of the eondition. 

Over 230,000 vietims require nursing home eare, and Alzheimer's 
disease causes more than 53,000 deaths eaeh year. 

Most eases of Alzheimer's disease are assoeiated with large 
eoneentrations of neurofibrillary tangles and plaques in the nucleus 
basalis, hippocampus, and parahippoeampal gyrus. These brain 
regions are direetly assoeiated with memory proeessing. It remains 
to be determined whether these deposits cause Alzheimer's disease 
or are seeondary signs of ongoing metabolie alterations with an 
environmental, hereditary, or infectious basis. 

In Down syndrome and in some inherited forms of Alzheimer's 
disease, rrmtations affeeting genes on either ehromosome 21 or a 
small region of ehromosome 14 lead to inereased risk of the early 
onset of the disease. Other genetie faetors eertainly play a major role. 
The late-onset form of Alzheimer's disease has been traeed to a gene 
on ehromosome 19 that eodes for proteins involved in eholesterol 
transport. 

Diagnosis involves excluding metabolie and anatomieal eonditions 
that ean mimie dementia, a detailed history and physieal, and an 
evaluation of mental functioning. Initial symptoms are subtle: 
moodiness, irritability, depression, and a general laek of energy. 

These symptoms are often ignored, overlooked, or dismissed. Elderly 
relatives are viewed as eeeentrie or iraseible and are humored whenever 
possible. 



As the eondition progresses, however, it beeomes more difficuIt 
to ignore or aeeommodate. An individual with Alzheimer's disease has 
difficuIty making deeisions, even minor ones. Mistakes—sometimes 
dangerous ones—are made, through either bad judgment or 
forgetfulness. For example, the person might light the gas burner, 
plaee a pot on the stove, and go into the living room. Two hours later, 
the pot, still on the stove, melts and starts a fire. 

As memory losses continue, the problems beeome more severe. 

The individual may forget relatives, his or her home address, or how to 
use the telephone. The memory loss eommonly starts with an inability 
to store long-term memories, followed by the loss of reeently stored 
memories. Eventually, basie long-term memories, such as the sound of the 
individual's own name, are forgotten. The loss of memory affeets both 
intellectual and motor abilities, and a person with severe Alzheimer's 
disease has difficulty performing even the simplest motor tasks. 

Individuals with Alzheimer's disease show a pronounced deerease 
in the number of eortieal neurons, espeeially in the frontal and 
temporal lobes. This loss is eorrelated with inadequate ACh production 
in the nucleus basalis of the cerebrum. Axons leaving that region 
projeet throughout the eerebral cortex; when ACh production deelines, 
eortieal function deteriorates. 

There is no cure for Alzheimer's disease, but a few medieations 
and supplements slow its progress in many patients and reduce the 
need for nursing home eare. The antioxidants vitamin E and ginkgo 
biloba and the B vitamins of folate, B 6 , and B 12 help some patients and 
may delay or prevent the disease. Drugs that inerease glutamate levels 
(a neurotransmitter in the brain) also give some additional benefit. 
Various toxicities and side effeets determine what eombination of drugs 
is used. In miee, a vaeeine has reduced tangles and plaques in the brain 
and improved maze-running ability. A preliminary trial of a human 
vaeeine was stopped because eases of immune eneephalitis developed 
in some treated patients. Modifieation of the vaeeine may eliminate 
this problem, allowing further study of this new approaeh. 
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Figure 16.22 Origins of the Cranial Nerves 
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16.9 The Cranial Nerves 

► KEY POINT Twelve pairs of eranial nerves, numbered N 1 through N XII, are 
found on the ventrolateral surface of the brain. Eaeh eranial nerve is named ae- 
eording to its appearanee or function. 

The 12 pairs of eranial nerves are niimbered aeeording to their position along 
the longitudinal axis of the brain, beginning at the eerebmm gure 16.2; . 
In seientifie writing, Roman numerals are usually used, with the prefix N or 
CN. We will use N, which is generally preferred by neuroanatomists and elin- 
ieal neurologists. If the full name of the eranial nerve is given, then only the 
Roman numeral is neeessary, for example, optie nerve (II). 

Eaeh eranial nerve attaehes to the brain near the assoeiated sensory or 
motor nuclei. The sensory nuclei aet as proeessing and integration eenters, with 
the neurons relaying sensory information either to other nuclei or to proeessing 
eenters within the eerebral cortex or eerebellar cortex. The motor nuclei reeeive 
eonvergent inputs from higher eenters or from other nuclei along the brainstem. 

Cranial nerves are elassified as sensory, speeial sensory, motor, or mixed 
(sensory and motor). This is a useful method of elassifieation, but it is based on 
the primary function, and a eranial nerve ean have important seeondary func- 
tions. Two examples are worth noting: 

o As elsewhere in the PNS, a nerve eontaining tens of thousands of motor 
fibers to a skeletal muscle will also eontain sensory fibers from proprioeep- 
tors in that muscle. These sensory fibers are assumed to be present in the 
eranial nerves innervating skeletal muscles, but are ignored in the primary 
elassifieation of the nerve. 

o In addition to their other functions, several eranial nerves (N III, N 
VII, N IX, and N X) distribute autonomic fibers to peripheral ganglia, 
just as spinal nerves deliver them to ganglia along the spinal eord. The 


presenee of small numbers of autonomic fibers will be noted (and dis- 
cussed further in ehapter 17) but are ignored in the elassifieation of 
the nerve. 

The Olfaetory Nerves (I) 

Primary function: Speeial sensory (smell) 

Origin: Reeeptors of olfaetory epithelium 

Pass through: Cribriform plate of ethmoid p. 138 

Destination: Olfaetory bulbs 

The first pair of eranial nerves igure 16.23 earries speeial sensory infor- 
mation from speeialized neurons in the epithelmm eovering the roof of the 
nasal eavity, the superior nasal eonehae of the ethmoid, and the superior 
parts of the nasal septum. Axons from these sensory neurons eolleet to form 
20 or more bundles that penetrate the eribriform plate of the ethmoid. These 
bundles are eomponents of the olfaetory nerves (I). Almost at onee these 
bundles enter the olfaetory bulbs, neural masses on either side of the erista 
galli. The olfaetory afferents synapse within the olfaetory bulbs. The axons 
of the postsynaptie neurons proeeed to the cerebrum along the slender 
olfaetory traets gures 16.22 and 16.23' . 

Because the olfaetory traets look like typieal peripheral nerves, early anat- 
omists misidentified them as the first eranial nerve. Later studies demonstrated 
that the olfaetory traets and bulbs are part of the eerebmm, but by then the 
nmnbering system was already established. 

The olfaetory nerves are the only eranial nerves attaehed direetly to the 
eerebmm. The rest originate or terminate within nuclei of the dieneephalon 
or brainstem, and the aseending sensory information synapses in the thalamus 
before reaehing the eerebmm. 


Figure 16.23 The Olfaetory Nerve 
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The Optie Nerves (II) 

Primary function: Speeial sensory (vision) 

Origin: Retina of eye 

Pass through: Optie eanal of sphenoid to p. 138 
Destination: Dieneephalon 

The optie nerves (II) earry visual information from speeial sensory ganglia 
in the eyes. These nerves pass through the optie eanals of the sphenoid before 
joining at the ventral and anterior margin of the dieneephalon, forming the 


optie ehiasm ( ehiasma , a erossing) Figure 16.24). At the optie ehiasm, 
the medial fibers from eaeh optie nerve eross over to the opposite side of the 
brain. However, the lateral fibers from eaeh traet stay on the same side of the 
brain. The axons continue to the lateral geniculate nuclei of the thalamus as 
the optie traets ures 16.2 and 6.24] . After synapsing in the lateral 
geniculate nuclei, projeetion fibers end in the oeeipital lobe of the brain. This 
pathway results in eaeh eerebral hemisphere reeeiving visual information from 
the lateral half of the retina of the eye on that side and from the medial half 
of the retina of the eye on the opposite side. A few axons in the optie traets 
bypass the lateral geniculate nuclei and synapse in the superior colliculi of the 
meseneephalon. (We will eonsider this pathway in ehapter 18.) 


Figure 16.24 The Optie Nerve 
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Figure 16.25 Cranial Nerves Controlling the Extra-ocular Muscles 
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The Ooilomotor Nerves (III) 

Primary function: Motor, eye movements 
Origin: Meseneephalon 

Pass through: Superior orbital fissure of sphenoid tD p. 148 

Destination: Somatie motor: Superior, inferior, and medial rectus muscles; the 
inferior oblique; the levator palpebrae superioris tD p. 265 

Viseeral motor: intrinsie eye muscles 

The meseneephalon eontains motor nuclei eontrolling the third and fourth eranial 
nerves. The oculomotor nerves (III) emerge from the ventral surface of the mesen- 
eephalon igure 16.2 and enter the posterior orbital wall at the superior orbital 
fissure. The oculomotor nerves (Figure 16.25) innervate four of the six extra-ocular 
muscles and the levator palpebrae superioris, which raises the upper eyelid. 

The oculomotor nerve also eontains preganglionie autonomic fibers that 
synapse in the eiliary ganglion. The ganglionie neurons exiting the eiliary 


ganglion innervate intrinsie eye muscles. These muscles ehange the diameter of 
the pupil, adjusting the amount of light entering the eye, and ehange the shape 
of the lens to focus images on the retina. 

The Troehlear Nerves (IV) 

Primary function: Motor, eye movements 
Origin: Meseneephalon 

Pass through: Superior orbital fissure of sphenoid p. 148 
Destination: Superior oblique tD p. 265 

The troehlear (TRÓK-lé-ar; troehlea, pulley) nerves (IV) are the smallest 
eranial nerves. They innervate the superior obliques of the eyes 
(Figure 16.25). The motor nuclei are found in the ventrolateral portions of 
the meseneephalon. The motor fibers emerge from the surface of the tectum 
and enter the orbit through the superior orbital fissure. 
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The Trigeminal Nerves (V) 

Primary fimetion: Mixed (sensory and motor); ophthalmie and maxillary 
divisions: sensory; mandibiilar division: mixed 

Origin: Ophthalmie division (sensory): Orbital structures, nasal eavity, skin of 
forehead, superior eyelid, eyebrow, and part of the nose 

Maxillary division (sensory): Inferior eyelid, upper lip, gums, and teeth; 
eheek; nose, palate, and part of the pharynx 

Mandibular division (mixed): Sensory from lower gums, teeth, and 
lips; palate and tongue (part); motor from motor nuclei of pons. 

Pass through: Ophthalmie division: superior orbital fissure; maxillary division: 
foramen rotundum; mandibular division: foramen ovale p. 148 

Destination: Ophthalmie, maxillary, and mandibular nerves: Sensory nuclei in 
the pons; mandibular nerve also innervates muscles of mastieation (chewing) 

The pons eontains the nuclei of three eranial nerves (N V, N VI, and N 
VII) and contributes to the eontrol of a fourth (N VIII). The trigeminal 
(trl-JEM-i-nal) (trigeminus, three fold) nerves (V) are the largest eranial 
nerves (Figure 16.26). These mixed nerves provide sensory information 
from the head and faee and motor eontrol to the muscles of mastieation. 
Sensory and motor roots originate on the lateral surface of the pons. The 
sensory braneh is larger, and the semilunar ganglion ( trigeminal ganglion ) 
eontains the eell bodies of the sensory neurons. As its name implies, the tri- 
geminal nerve has three major divisions; the small motor root contributes to 
only one of the three. 

Braneh 1. The ophthalmie division of the trigeminal nerve earries only 
afferent, sensory information. This nerve earries sensory information from 


orbital structures, the nasal eavity and sinuses, and the skin of the fore- 
head, eyebrows, eyelids, and nose. It leaves the eranimn through the supe- 
rior orbital fissure, then branehes within the orbit. 

Braneh 2. The maxillary division of the trigeminal nerve also earries 
only afferent, sensory information. It earries sensory information from the 
lower eyelid, upper lip, eheek, and nose and from deeper sensory structures 
of the upper gums and teeth, the palate, and portions of the pharynx. The 
maxillary division leaves the cranium at the foramen rotundum and enters 
the floor of the orbit through the inferior orbital fissure. A major braneh 
of the maxillary, the infra-orbital nerve, passes through the infra-orbital 
foramen to supply adjaeent portions of the faee. 

Braneh 3. The mandibular division is the largest division of the trigemi- 
nal nerve, and it eontains efferent motor fibers and afferent sensory fibers. 
This braneh exits the cranium through the foramen ovale. The motor fibers 
of the mandibular division innervate the muscles of mastieation. The sen- 
sory fibers earry proprioeeptive information from those muscles and also 
earry sensory information from (1) the skin of the temples, (2) the lateral 
surfaces, gums, and teeth of the mandible, (3) the salivary glands, and (4) 
the anterior portions of the tongue. 

Fibers of the trigeminal nerve travel to the eiliary, pterygopalatine, sub- 
mandibular, and otie ganglia. These are autonomic ganglia whose neurons 
innervate structures of the faee. The trigeminal nerve does not eontain viseeral 
motor fibers, and all of its fibers pass throiigh these ganglia without synapsing. 
However, branehes of other eranial nerves, such as the faeial nerve, are inter- 
mingled with those of the trigeminal nerve. These fibers synapse within these 
ganglia. The postganglionie autonomic fibers then travel with the trigeminal 
nerve to peripheral structures. 


Figure 16.26 The Trigeminal Nerve 
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CLINICAL NOTE 



Tic Douloureux 


Tie douloureux, or trigeminal neuralgia, is eharaeterized by 
episodes of severe faeial pain, often aeeompanied by a faeial 
spasm or tie. The pain distribution is unilateral and follovvs the 
sensory distribution of the maxillary and/or mandibular divisions 
of the trigeminal nerve (V) (see ìgure 16.2( ). The pain 7 lasting 
from a few seeonds to a few minutes # is sudden and intense. Even 
a light touch to the faee or mouth ean trigger an episode. The 
pain is so severe that people beeome afraid to talk, eat 7 or move 
during attaeks. 

Tie douloureux generally appears in middle age or later and 
affeets women more than men. Often it is caused by pressure on 
the trigeminal nerve (V) by a blood vessel or tumor # or injury to the 
nerve from surgery or trauma. People with multiple selerosis are 
affeeted more frequently and at an earlier age. Treatment includes 
medieations and surgical procedures to relieve the pressure or dis- 
ruption of the affeeted branehes of the nerve. 



The Abducens Nerves (VI) 

Primary function: Motor, eye movements 
Origin: Pons 

Pass through: Superior orbital fissure of sphenoid t) p. 148 
Destination: Lateral rectus to p. 265 

The abducens (ab-DU-senz) nerves (VI) innervate the lateral rectus, the 
sixth of the extrinsic eye muscles. This muscle moves the eyeball laterally. The 
nerves emerge from the inferior surface of the brain at the junction of the pons 
and the medulla oblongata. They reaeh the orbit through the superior orbital 
fissure in eompany with the oculomotor and troehlear nerves ogure 16.21 . 

The Faeial Nerves (VII) 

Primary function: Mixed (sensory and motor) 

Origin: Sensory: taste reeeptors on anterior two-thirds of tongue; motor: motor 
nuclei of pons 

Pass through: Internal acoustic meatus of temporal bone, along faeial eanal 
to reaeh stylomastoid foramen t) p. 137 


Figure 16.27 The Faeial Nerve 
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Destination: Sensory nuclei of pons 

Somatie motor: muscles of faeial expression 

Viseeral motor: laerimal (tear) gland and nasal mucous glands via pterygo- 
palatine ganglion; submandibular and sublingual glands via submandibu- 
lar ganglion 

The faeial nerves (VII) are mixed nerves. The eell bodies of the sensory neu- 
rons are loeated in the genieiilate ganglion, and the motor nuclei are in the 
pons. The sensory and motor roots eombine and form large nerves that pass 
through the internal acoustic meatus of eaeh temporal bone gure 16.2 . 

The nerves then pass through the faeial eanal to reaeh the faee through the 
stylomastoid foramen. tD p. 13 The sensory neurons monitor proprioeeptors in 
the faeial muscles, provide deep pressure sensations over the faee, and reeeive 
taste information from reeeptors along the anterior two-thirds of the tongue. 
Somatie motor fibers innervate the superficial muscles of the sealp and faee 
and deep muscles near the ear. 

The faeial nerves earry preganglionie autonomic fibers to the pterygopala- 
tine and submandibular ganglia: 

■ Pterygopalatine ganglion: The preganglionie fibers within the greater 
petrosal nerve synapse in the pterygopalatine ganglion. Postganglionie 
fibers from this ganglion innervate the laerimal gland and small glands of 
the nasal eavity and pharynx. 

■ Submandibular ganglion: To reaeh the submandibular ganglion, auto- 
nomie fibers leave the faeial nerve and travel along the mandibular 
division of the trigeminal nerve. Postganglionie fibers from this gan- 
glion innervate the submandibular and sublingual ( sub -, under, + lingrn, 
tongue) glands. 


The Vestibulocochlear Nerves (VIII) 

Primary function: Speeial sensory: balanee and equilibrium (vestibular 
division) and hearing (eoehlear division) 

Origin: Reeeptors of the internal ear (vestibule and eoehlea) 



CLINICAL NOTE 


Bell's Palsy 


BelPs Palsy results from an inflammation of the faeial nerve 
that is probably related to viral infeetion. Involvement of the 
faeial nerve (N VII) ean be deduced from symptoms of paralysis 
of faeial muscles on the affeeted side and loss of taste sensations 
from the anterior two-thirds of the tongue. The individual does 
not show prominent sensory defieits, and the eondition is usually 
painless. In most eases, Bell's palsy "cures itself" after a few weeks 
or months, but this proeess ean be aeeelerated by early treatment 
with eortieosteroids and antiviral drugs. 



Pass through: Internal acoustic meatus of the temporal bone tD pp. 138,139 

Destination: Vestibular and eoehlear nuclei of pons and medulla 
oblongata 

The vestibulocochlear nerves (VIII) exit the brain lateral to the origin of the 
faeial nerves (Figure 16.28). These nerves enter eaeh internal acoustic meatus 
with the faeial nerves. There are two separate bundles of sensory fibers within 
eaeh vestibulocochlear nerve. (1) The vestibular nerve is the larger of the two 
bundles. It originates at the reeeptors of the vestibule, the portion of the inner 
ear eoneerned with balanee. The eell bodies of the sensory neurons are loeated 
within an adjaeent sensory ganglion, and their axons travel to the vestibular 
mielei of the medulla oblongata. These afferents eonvey information eoneern- 
ing position, movement, and balanee. (2) The eoehlear (KÓK-lé-ar; eoehlea, 
snail shell) nerve monitors hearing reeeptors in the eoehlea of the internal 
ear. The eell bodies of these sensory neurons are loeated within a peripheral 
ganglion, and their axons synapse within the eoehlear nuclei of the medulla 
oblongata. Axons leaving the vestibular and eoehlear nuclei relay the sensory 
information to other eenters or initiate reflexive motor responses. (Chapter 18 
will discuss balanee and the sense of hearing.) 


Figure 16.28 The Vestibulocochlear Nerve 
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The Glossopharyngeal Nerves (IX) 

Primary fimetion: Mixed (sensory and motor) 

Origin: Sensory: Posterior one-third of the tongue, part of the pharynx 
and palate, the earotid arteries of the neek; motor: motor nuclei of medulla 
oblongata 

Pass through: ]ugular foramen between oeeipital and temporal bones 

*D pp. 137-138 

Destination: Sensory fibers: Sensory nuclei of medulla oblongata 

Somatie motor: Pharyngeal muscles involved in swallowing 

Viseeral motor: Parotid gland, after synapsing in the otie ganglion 

The glossopharyngeal (glos-ò-fah-RIN-jé-al; glossum, tongue) nerves (IX) 
innervate the tongue and pharynx. Eaeh glossopharyngeal nerve passes through 
the eranimn by the jugular foramen along with N X and N XI igure 16.29 . 

Eaeh glossopharyngeal nerve is a mixed nerve, but sensory fibers are 
most abundant. The sensory neurons are in the superior ( \ugular ) ganglion 
and the inferior ( petrosal ) ganglion. The afferent fibers earry general sen- 
sory information from the lining of the pharynx and the soft palate to a 
nucleus in the medulla oblongata. These nerves also provide taste sensations 
from the posterior third of the tongue. Additionally, they have speeial reeep- 
tors monitoring the blood pressure and dissolved-gas eoneentrations within 
major blood vessels. 

The somatie motor fibers innervate the pharyngeal muscles involved in 
swallowing. Viseeral motor fibers synapse in the otie ganglion, and postgangli- 
onie fibers innervate the parotid gland of the eheek. 


The Vagus Nerves (X) 

Primary function: Mixed (sensory and motor) 

Origin: Viseeral sensory: Pharynx (part), auricle, external acoustic meatus, 
diaphragm, and viseeral organs in thoraeie and abdominopelvie eavities 
Viseeral motor: Motor nuclei in the medulla oblongata 

Pass through: Jugular foramen between oeeipital and temporal bones 

*D pp. 137-138 

Destination: Sensory fibers: Sensory nuclei and autonomic eenters of medulla 
oblongata 

Somatie motor: Muscles of the palate and pharynx 

Viseeral motor: Respiratory, cardiovascular, and digestive organs in the 
thoraeie and abdominal eavities 

The vagus (VÀ-gus) nerves (X) arise immediately inferior to the glosso- 
pharyngeal nerves. As the name suggests ( vagus , wanderer), the vagus 
nerves braneh extensively. igure 16.30 shows only the general pattern of 
distribution. 

Sensory neurons are loeated within the superior ( jugular ) ganglion and 
the inferior ( nodose ; NÒ-dòs) ganglion. The vagus nerve provides somatie 
sensory information from the ear and the diaphragm and speeial sensory 
information from pharyngeal taste reeeptors. The majority of the vagal affer- 
ents provide viseeral sensory information from reeeptors of the esophagus, 
respiratory traet, and abdominal viseera. Vagal afferents are vital to the auto- 
nomie eontrol of viseeral function, but because the information often fails to 
reaeh the eerebral cortex, we are seldom aware of the sensations they provide. 


Figure 16.29 The Glossopharyngeal Nerve 
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Figure 16.30 The Vagus Nerve 
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The motor eomponents of the vagus nerve are equally diverse. The vagus 
nerve earries preganglionie autonomic (parasympathetie) fibers that affeet the 
heart and eontrol smooth muscles and glands within the areas monitored by its 
sensory fibers, including the respiratory traet, stomaeh, intestines, and gallbladder. 


The Aeeessory Nerves (XI) 

Primary function: Motor 

Origin: Motor nuclei of spinal eord and medulla oblongata 

Pass through: ]ugular foramen between oeeipital and temporal bones 

*opp. 137-138 

Destination: Internal braneh innervates voluntary muscles of palate, pharynx, and 
larynx; external braneh eontrols sternoeleidomastoid and trapezius muscles 

The aeeessory nerves (XI) differ from other eranial nerves because some of 
the motor fibers originate in the lateral portions of the anterior horns of the 
first five eervieal segments of the spinal eord gure 16.31 . These fibers 
from eaeh aeeessory nerve form the spinal root of the aeeessory nerve. The spi- 
nal root enters the eranimn through the foramen magnum. Onee within the 
skull, the spinal root unites with motor fibers of the eranial root. The eranial 
root originates at a nucleus in the medulla oblongata and leaves the cranium 
through the jugular foramen. Eaeh aeeessory nerve eonsists of two branehes: 

o The internal braneh joins the vagus nerve and innervates the voluntary 
swallowing muscles of the soft palate and pharynx and the intrinsie mus- 
eles that eontrol the voeal eords. 

o The external braneh innervates the sternoeleidomastoid and trapezius 
muscles of the neek and baek. The motor fibers of this braneh originate in 
the anterior horns of C a to C 5 . 
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The Hypoglossal Nerves (XII) 

Primary function: Motor, tongue movements 

Origin: Motor nuclei of the medulla oblongata 

Pass through: Hypoglossal eanal of oeeipital bone t) pp. 137-138 

Destination: Muscles of the tongue 

The hypoglossal (hl-pò-GLOS-al) nerves (XII) leave the cranium through 
the hypoglossal eanals of the oeeipital bone. They then curve inferiorly, 
anteriorly, and superiorly to innervate the skeletal muscles of the tongue 
(Figure 16.31). These nerves provides voluntary motor eontrol over move- 
ments of the tongue. 


Table 16.12 summarizes the basie distribution and function of eaeh 
eranial nerve. 


TIPS & TOOLS 


The following mnemonie will help you remember the eranial nerves: a Oh, 
Onee One Takes The Anatomy Final, Very Good Vaeations Are Heavenly. ,> 
Olfaetory, Optie, Oculomotor, Troehlear, Trigeminal, Abducens, Faeial, 
Vestibulocochlear, Glossopharyngeal, Vagus, Aeeessory, Hypoglossal. 


Table 16.12 


The Cranial Nerves 


Cranial Nerve (#) 

Sensory 

Ganglion 

Branehes and 
Divisions 

Primary 

Function 

Foramen 

Innervation 

Olfaetory (1) 



Speeial 

sensory 

Cribriform plate 

Olfaetory epithelium 

Optie (II) 



Speeial 

sensory 

Optie eanal 

Retina of eye 

Oculomotor (III) 



Motor 

Superior orbital fissure 

Inferior, medial, superior rectus, inferior oblique, and 
levator palpebrae; intrinsie muscles of eye 

Troehlear (IV) 



Motor 

Superior orbital fissure 

Superior oblique 

Trigeminal (V) 

Semilunar 


Mixed 


Areas assoeiated with the jaws 



Ophthalmie 

Sensory 

Superior orbital fissure 

Orbital structures, nasal eavity, skin of forehead, upper 
eyelid, eyebrows, nose (part) 


Maxillary 

Sensory 

Foramen rotundum 

Lower eyelid; upper lip, gums, and teeth; eheek, nose 
(part), palate, and pharynx (part) 


Mandibular 

Mixed 

Foramen ovale 

Sensory from lower gums, teeth, lips; palate (part) and 
tongue (part). Motor to muscles of mastieation 

Abducens (VI) 



Motor 

Superior orbital fissure 

Lateral rectus 

Faeial (VII) 

Geniculate 


Mixed 

Internal acoustic meatus 
to faeial eanal; exits at 
stylomastoid foramen 

Sensory from taste reeeptors on anterior two-thirds of 
tongue; motor to muscles of faeial expression, laerimal 
gland, submandibular gland, sublingual glands 

Vestibulocochlear 
(Acoustic) (VIII) 


Cochlear 

Nerve 

Speeial 

sensory 

Internal acoustic meatus 

Cochlea (reeeptors for hearing) 


Vestibular 

Nerve 

Speeial 

sensory 

As above 

Vestibule (reeeptors for motion and balanee) 

Glossopharyngeal (IX) 

Superior (jugular) 
and inferior 
(petrosal) 


Mixed 

Jugular foramen 

Sensory from posterior third of tongue; pharynx 
and palate (part); earotid body (monitors blood 
pressure, pH, and levels of respiratory gases). Motor to 
pharyngeal muscles, parotid gland 

Vagus (X) 

Superior (jugular) 
and inferior 
(nodose) 


Mixed 

Jugular foramen 

Sensory from pharynx; auricle and external acoustic 
meatus; diaphragm; viseeral organs in thoraeie 
and abdominopelvie eavities. Motor to palatal and 
pharyngeal muscles, and viseeral organs in thoraeie and 
abdominopelvie eavities 

Aeeessory (XI) 


Internal braneh 

Motor 

Jugular foramen 

Skeletal muscles of palate, pharynx, and larynx (with 
branehes of the vagus nerve) 


External braneh 

Motor 

Jugular foramen 

Sternoeleidomastoid and trapezius 

Hypoglossal (XII) 



Motor 

Hypoglossal eanal 

Tongue musculature 
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CLINICAL NOTE 


Dementia and Alzheimers Disease 


In dementia, damage to brain eells interferes with their ability 
to communicate with eaeh other. This ean cause difficuIties with 
memory, jodgment, behavior, thinking, emotions, and movement. 
There are many different types of dementia. 

By far the most eommon dementia is Alzheimer's disease, which 
accounts for about 70 pereent of eases. This is a ehronie, progressive 
illness eharaeterized by memory loss and impairment of higher-order 
eerebral functions. Symptoms may appear at age 50-60 or later, 
although there is an inherited form that beeomes symptomatie earlier. 
Alzheimer's disease affeets about one-third of people over age 85. 
Mieroseopie examination of patients 7 brain tissue reveals amyloid 
plaques (fragments of beta-amyloid peptide mixed with additional 
proteins and pieees of nerve eells). There is no cure for Alzheimer's 
disease, but some medieations ean slow its progression temporarily. 

Vascular dementia, or "mini-stroke" dementia, accounts for 
about 10 pereent of dementia eases. Smokers and people with high 
blood pressure or high eholesterol are particularly prone to this disease 



Symptoms of impaired judgment or inability to make deeisions, plan, 
and organize are more prominent than memory loss. Brain ehanges are 
caused by areas of eell death due to vascular impairment. 

Lewy body dementia often presents with sleep disturbances, visual 
hallucinations, muscle rigidity, memory loss, and problems with thinking. 
The course of the disease is more rapid than Alzheimer's disease, and it 
ean be difficuIt to diagnose because symptoms are similar to Alzheimer's 
disease. People with Lewy body dementia ean have short periods of 
elarity even during end-stage disease. Mieroseopie examination shows 
abnormal clumps of the protein alpha-synuclein destroying neurons. 

Frontotemporal dementia affeets neurons in the frontal and 
temporal lobes. It typieally involves ehanges in personality and behavior 
and difficulties with language. 

It is important to medieally investigate dementia. Some treatable 
eonditions ean cause dementia, including depression, medieation side 
effeets, thyroid problems, vitamin defieieneies, and excessive use of 
aleohol. 


Figure 16.31 The Aeeessory and Hypoglossal Nerves 
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CLINICAL NOTE 


Cranial Reflexes 


Cranial reflexes are reflex ares that involve the sensory and 
motor fibers of eranial nerves. Examples of eranial reflexes 
are discussed in later chapters # and this seetion wi11 simply provide 
an overview and general introduction.This seetion wi11 provide an 
overview of # and general introduction to # the eranial reflexes. 

Table 16.13 lists representative examples of eranial reflexes and 
their functions. These reflexes are elinieally important because they 
provide a quick and easy method for observing the eondition of erania 
nerves and speeifie nuclei and traets in the brain. 



Cranial somatie reflexes are seldom more complexthan the somatie 
reflexes of the spinal eord. Table 16.13 includes four somatie reflexes: the 
eorneal reflex, the tympanie reflex, the auditory reflex, and the vestibulo- 
ocular reflex. These reflexes are often used to eheek for damage to the 
eranial nerves or proeessing eenters involved. The brain stem eontains many 
reflex eenters that eontrol viseeral motor aetivity. Many of these reflex 
eenters are in the medulla oblongata, and they ean direet very complex 
viseeral motor responses to stimuli. These viseeral reflexes are essential to 
the eontrol of respiratory, digestive, and cardiovascular functions. 



Table 16.13 


Reflex 


Cranial Reflexes 


Stimulus 


Afferents 


Central Synapse 


Efferents 


Response 


SOMATIC REFLEXES 


Corneal reflex 


Contact with eorneal surface 


N V 


Motor nuclei for N VII 


N VII 


Blinking of eyelids 




Tympanie reflex 


Loud noise 


N VIII 


Inferior colliculi (midbrain) 


N VII 


Reduced movement of auditory ossieles 
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Auditory reflexes 


Loud noise 


N VIII 


Motor nuclei of brainstem 
and spinal eord 


N III, N IV, N VI, N VII, 
N X, eervieal nerves 


Eye and/or head movements 
triggered by sudden sounds 




Vestibulo-ocular 

reflexes 


Rotation of head 


N VIII 


Motor nuclei eontrolling 
extra-ocular muscles 


N III, N IV, N VI 


Opposite movement of eyes to 
stabilize field of vision 


VISCERAL REFLEXES 


Pupillary reflex 


Light striking photoreeeptors 
in one eye 


N 


Superior colliculi 


N 



Constriction of ipsilateral pupil 


Consensual light 
reflex 


Light striking photoreeeptors 
in one eye 


N 


Superior colliculi 


N 



Constriction of both pupils 



CONCEPT CHECK 

14 John is experiencing problems in moving his tongue. 
His doetor tells him the problems are due to pressure 
on a eranial nerve. Which eranial nerve is involved? 

15 Bruce has lost the ability to deteet tastes on the tip 
of his tongue. What eranial nerve is involved? 


See the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y SLIMMARY 

For a smnmary of the development of the brain and eranial nerves, see 
Chapter 28 (Embryology and Human Development). 
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Study Outline 


lntrocluction p.404 

■ The brain is far more complex than the spinal eord; its complexity 
makes it adaptable but slower in response than spinal reflexes. 


The Blood Brain Barrier p. 409 

■ The blood brain barrier (BBB) isolates nervous tissue from the 
general circulation. 


16.1 An lntroduction to the Organization of the 

Brain p.404 

Embryology of the Brain p. 404 

■ The brain forms from three swellings at the superior tip of the 
developing neural tube: the proseneephalon, meseneephalon, 

and rhombeneephalon. fSee Table 16.1 and Embryology Summary 
in ehapter 28.) 

Major Regions and Landmarks p. 404 

■ There are six regions in the adult brain: cerebrum, dieneephalon, 
meseneephalon, pons, cerebellum, and medulla oblongata. fSee 
Figure 16.1.) 

m Conscious thought, intellectual functions, memory, and complex 
motor patterns originate in the eerebmm. fSee Figure 16.1.) 

m The roof of the dieneephalon is the epithalamus; the walls 
are the thalami, which eontain relay and proeessing eenters for 
sensory data. The floor is the hypothalanrms, which eontains 
eenters involved with emotions, autonomic function, and hormone 
production. (See Figure 16.1.) 

m The meseneephalon ( midbrain ) proeesses visual and auditory 
information and generates involuntary somatie motor responses. 
(See Figure 16.1.) 

m The pons eonneets the cerebellum to the brainstem and is involved 
with somatie and viseeral motor eontrol. fSee Figure 16.1.) 

m The cerebellum adjusts voluntary and involuntary motor aetivities 
on the basis of sensory data and stored memories. (See Figure 16.1.) 

m The spinal eord eonneets to the brain at the medulla oblongata, 
which relays sensory information and regulates autonomic 
functions. (See Figure 16.1.) 


m The blood-brain barrier remains intaet throughout the CNS except 
in portions of the hypothalamus, in the pineal gland, and at the 
ehoroid plexus in the membranous roof of the dieneephalon and 
medulla. 

Cerebrospinal Fluid p. 410 

■ Cerebrospinal fluid (CSF) (1) cushions delieate neural structures, 
(2) supports the brain, and (3) transports nutrients, ehemieal 
messengers, and wastes. 

■ The ehoroid plexus is the site of eerebrospinal fluid production. 
(See Figure 16.6.) 


m Cerebrospinal fluid reaehes the subarachnoid spaee via the 

lateral apertures and a median aperture. Diffusion aeross 
the araehnoid granulations into the superior sagittal sinus 

returns CSF to the venous circulation. fSee Figures 14.2b-d and 
16.4-16.7.) 

The Blood Supply to the Brain p. 412 

■ Arterial blood reaehes the brain through the internal earotid 
arteries and the vertebral arteries. Venous blood leaves primarily in 
the internal jugular veins. 

16.3 The Medulla Oblongata p. 413 

■ The medulla oblongata eonneets the brain to the spinal eord. 

It eontains the graeile nucleus and the cuneate nucleus, 
which are proeessing eenters, and the olivary nuclei, which 
relay information from the spinal eord, eerebral cortex, and 
brainstem to the eerebellar cortex. Its reflex eenters, including 
the cardiovascular eenters and the respiratory rhythmieity 
eenters, eontrol or adjust the aetivities of peripheral systems. fSee 
Figures 16.1, 16.8, 16.9, 16.13, 16.14, and 16.7 and Table 16.2.) 




■ The brain eontains extensive areas of neural cortex, a layer of gray 
matter on the surfaces of the cerebrum and cerebellum that eovers 
underlying white matter. 

■ The eentral passageway of the brain expands to form ehambers ealled 
ventrieles. Cerebrospinal fluid (CSF) continually circulates from the 
ventrieles and eentral eanal of the spinal eord into the subarachnoid 
spaee of the meninges that surround the CNS. (See Figure 16.2.) 

16.2 Proteetion and Support of the Brain p. 406 

The Cranial Meninges p. 406 

■ The eranial meninges —the dura mater, araehnoid mater, 
and pia mater —are continuous with the spinal meninges that 
surround the spinal eord. However, they have anatomieal and 
functional differenees. fSee Figures 14.2c,d and 16.3-16.5.) 

m Folds of dura mater stabilize the position of the brain within the 
cranium and include the falx eerebri, tentorium eerebelli, falx 
eerebelli, and diaphragma sellae. fSee Figures 16.3-16.5.) 


■ The pons eontains (1) sensory and motor nuclei for four eranial 
nerves, (2) nuclei eoneerned with involuntary eontrol of respiration, 
(3) nuclei that proeess and relay eerebellar eommands arriving over 
the middle eerebellar peduncles, and (4) aseending, deseending, 
and transverse traets. (See Figures 16.1, 16.9, 16.13, and 16.14 and 
Table 16.3.) 

16.5 The Meseneephalon (Midbrain) p.4is 

■ The tectum (roof) of the meseneephalon eontains two pairs 
of nuclei, the eorpora quadrigemina. On eaeh side, the 
superior colliculus reeeives visual inputs from the thalamus, 
and the inferior colliculus reeeives auditory data from the 
medulla oblongata. The red nucleus integrates information 
from the eerebmm and issues involuntary motor eommands 
related to muscle tone and limb position. The substantia nigra 
regulates the motor output of the basal nuclei. The eerebral 
peduncles eontain aseending fibers headed for thalamie nuclei 
and deseending fibers of the eortieospinal pathway that earry 
voluntary motor eommands from the primary motor cortex of 
eaeh eerebral hemisphere. fSee Figures 12.8, 16.1, 16.10, 16.13, 
and 16.14 and Table 16.4.) 
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16.6 The Dieneephalon p. 4i 7 

■ The dieneephalon provides the svvitehing and relay eenters 
neeessary to integrate the sensory and motor pathvvays. fSee 
Figures 16.1, 16.13, 16.14, 16.21c, and 16.22.) 

The Epithalamiis p. 417 

■ The epithalamiis forms the roof of the dieneephalon. It eontains the 
hormone-seereting pineal gland. fSee Figures 16.12a and 16.13a.) 

TheThalamus p. 417 

■ The thalamus is the prineipal and final relay point for aseending 
sensory information and eoordinates voluntary and involuntary 
somatie motor aetivities. fSee Figures 16.11-16.13, 16.21, and 16.22 
and Table 16.5.) 

The Hypothalamiis p. 418 

■ The hypothalarrms eontains important eontrol and integrative 
eenters. It ean (1) eontrol involuntary somatie motor activities # (2) 
eontrol autonomic function f (3) eoordinate aetivities of the nervous 
and endoerine systems, (4) seerete hormones, (5) produce emotions 
and behavioral drives f (6) eoordinate voluntary and autonomic 
functions f (7) regulate body temperature f and (8) eontrol eireadian 
eyeles of aetivity. (See Figures 12.8, 16.12, and 16.13a and Table 16.6.) 

16.7 The Cerebellum p .422 

■ The cerebellum oversees the body # s postural muscles and programs 
and tunes voluntary and involuntary movements. The eerebellar 
hemispheres eonsist of neural cortex formed into folds f or folia. 
The surface ean be divided into the anterior and posterior lobes, 
the vermis f and the flocculonodular lobes. fSee Figures 16.15- 
16.17 and Table 16.7.) 

16.8 TheCerebrum p.422 

The Cerebral Hemispheres p. 424 

■ The eortieal surface eontains gyri (elevated ridges) separated by 
sulci (shallovv depressions) or deeper grooves (fissures). The 
longitudinal fissure separates the tvvo eerebral hemispheres. The 
eentral sulcus marks the boundary betvveen the frontal lobe and 
the parietal lobe. Other sulci form the boundaries of the temporal 
lobe and the oeeipital lobe. (See Figures 16.1, 16.16, and 16.17.) 

m Eaeh eerebral hemisphere reeeives sensory information from and 
generates motor eommands to the opposite side of the body. There 
are signifieant functional differenees betvveen the tvvo; thus f the 
assignment of a speeifie function to a speeifie region of the eerebral 
cortex is impreeise. 

■ The primary motor cortex of the preeentral gyrus direets voluntary 
movements. The primary somatosensory cortex of the posteentral 
gyrus reeeives somatie sensory information from touch f pressure f pain f 
taste f and temperature reeeptors. fSee Figure 16.17a and Table 16.8.) 

m Assoeiation areas, such as the visual assoeiation area and 
premotor cortex f eontrol our ability to understand sensory 
information. (See Figure 16.17a and Table 16.8.) 

Higher-Order Functions p. 425 

■ Higher-order functions have four eharaeteristies: (1) They are 
performed by the eerebral cortex; (2) they involve complex 
intereonneetions and communication betvveen areas of the eerebral 
cortex as vvell as other areas of the brain; (3) they involve both 
conscious and unconscious information proeessing; and (4) they 
are not part of the programmed vviring of the brain. (See Figures 
16.17a, 16.18, and 16.19.) 


m "Higher-order" integrative eenters reeeive information from 
many different assoeiation areas and direet complex motor 
aetivities and analytieal functions. 

■ The portion of the eerebral cortex that reeeives all information from 
the sensory assoeiation areas is termed Wernicke's area. This is 
present in only one hemisphere, typieally the left. (See Figure 16.18.) 

m Efferents from the general interpretive area target the speeeh 
eenter. This is a motor area that regulates the patterns of 
breathing and voealization needed for speeeh. (See Figure 16.18.) 

m The part of the frontal lobe that is the most complex brain area is 
the prefrontal cortex. This area performs eomplieated learning 
and reasoning functions. (See Figures 16.17 and 16.18.) 

m The left hemisphere eontains the general interpretive and speeeh 
eenters and is responsible for language-based skills. The right 
hemisphere is eoneerned vvith spatial relationships and analysis. 

The Central White Matter p. 428 

■ The eentral vvhite matter eontains three major groups of axons: 
(1) assoeiation fibers (traets that intereonneet areas of neural 
cortex vvithin a single eerebral hemisphere) f (2) commissural 
fibers (traets eonneeting the tvvo eerebral hemispheres) f and (3) 
projeetion fibers (traets that link the eerebmm vvith other regions 
of the brain and spinal eord). (See Figure 16.19 and Table 16.9.) 

The Basal Niidei p. 429 

■ The basal nuclei vvithin the eentral vvhite matter include the 
caudate nucleus f globus pallidus, and putamen. They eontrol 
muscle tone and eoordinate learned movement patterns and other 
somatie motor aetivities. (See Figure 16.20 and Table 16.10.) 

The Limbie System p. 431 

■ The limbie system includes the amygdaloid body f cingulate 
gyrns, dentate gyrus, parahippoeampal gyrus, hippocampus, 
and fornix. The mammillary bodies eontrol reflex movements 
assoeiated vvith eating. The functions of the limbie system involve 
emotional states and related behavioral drives. (See Figures 16.13, 
16.20, and 16.21 and Table 16.11.) 

m The anterior nucleus relays viseeral sensations f and stimulating 
the reticular formation produces heightened avvareness and a 
generalized excitement. 

16.9 The Cranial Nerves p. 434 

■ There are 12 pairs of eranial nerves. Eaeh nerve attaehes to 
the brain near the assoeiated sensory or motor nuclei on the 
ventrolateral surface of the brain. (See Figure 16.22.) 

The Olfaetory Nerves (I) p. 434 

The olfaetory nerves (I) earry sensory information responsible 
for the sense of smell. The olfaetory afferents synapse vvithin the 
olfaetory bulbs. fSee Figure 16.23.) 

The Optie Nerves (II) p. 435 

■ The optie nerves (II) earry visual information from speeial sensory 
reeeptors in the eyes. (See Figures 12.8 and 16.24.) 

The Oei lomotor Nerves (III) p. 436 

■ The oculomotor nerves (III) are the primary source of innervation 
for the extra-ocular muscles that move the eyeball. (See Figure 16.25.) 

The Troehlear Nerves (IV) p. 436 

The troehlear nerves (IV) f the smallest eranial nerves f innervate 
the superior oblique of the eye. fSee Figure 16.25.) 
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The Trigeminal Nerves (V) p. 437 

■ The trigeminal nerves (V) f the largest eranial nerves f are mixed 
nerves with ophthalmie, maxillary f and mandibular branehes. 
fSee Figure 16.26.) 

The Abdiieens Nerves (VII p. 438 

■ The abducens nerves (VI) innervate the sixth extrinsic oculomotor 
muscles f the lateral rectus of eaeh eye. (See Figure 16.25.) 

The Faeial Nerves (VII) p. 438 

■ The faeial nerves (VII) are mixed nerves eontrolling muscles of the 
sealp and faee. They provide pressure sensations over the faee and 
reeeive taste information from the tongue. (See Figure 16.27.) 

The Vestibiiloeoehlear Nerves (VIII p. 439 

The vestibulocochlear nerves (VIII) eontain the vestibular 
nerves f which monitor sensations of balanee, position f and 
movement, and the eoehlear nerves, which monitor hearing 
reeeptors. (See Figure 16.28.) 


The Glossopharyngeal Nerves (IX) p. 440 

The glossopharyngeal nerves (IX) are mixed nerves that 
innervate the tongue and pharynx and eontrol the aetion of 
swallowing. (See Figure 16.29.) 

The Vagiis Nerves (X) p. 440 

■ The vagus nerves (X) are mixed nerves that are vital to the 
autonomic eontrol of viseeral function and have a variety of motor 
eomponents. (See Figure 16.30.) 

The Aeeessory Nerve (XI p. 441 

Eaeh aeeessory nerve (XI) has an internal braneh, which 
innervates voluntary swallowing muscles of the soft palate 
and pharynx f and an external braneh, which eontrols muscles 
assoeiated with the peetoral girdle. (See Figure 16.31.) 

The Hypoglossal Nerves (XII) p. 442 

■ Eaeh hypoglossal nerve (XII) provides voluntary motor eontrol 
over tongue movements. (See Figure 16.31.) 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


ehapter Revievv 


Level 1 Revievving Faets and Terms 

1. Label the following structures on the 
midsagittal seetion of the brain below. 

■ pons 

■ corpus callosum 

■ cerebellum 

■ thalamus 

■ eerebral aqueduct 



(a) _ 

(b) _ 

(e) _ 

(d) _ 

(e) _ 

2. In eontrast with those of the brain f 
responses of the spinal reflexes 

(a) are fine-tuned. 

(b) are immediate. 

(e) require many proeessing steps. 
(d) are stereotyped. 


3. The primary link between the nervous and 
the endoerine systems is the 

(a) hypothalarrms. 

(b) pons. 

(e) meseneephalon. 

(d) medulla oblongata. 

4. Cranial blood vessels pass through the spaee 
direetly deep to the 

(a) dura mater. 

(b) pia mater. 

(e) araehnoid granulations. 

(d) araehnoid mater. 

5. The only eranial nerves that are attaehed to 
the cerebrum are the 

(a) optie. 

(b) oculomotor. 

(e) troehlear. 

(d) olfaetory. 

6. The anterior nuclei of the thalarrms 

(a) are part of the limbie system. 

(b) are eonneeted to the pituitary gland. 

(e) produce the hormone melatonin. 

(d) reeeive impulses from the optie nerve. 

7. The cortex inferior to the lateral sulcus is the 

(a) parietal lobe. 

(b) temporal lobe. 

(e) frontal lobe. 

(d) oeeipital lobe. 

8. Lying within eaeh hemisphere inferior to the 
floor of the lateral ventrieles is/are the 

(a) anterior commissures. 

(b) motor assoeiation areas. 

(e) auditory cortex. 

(d) basal nuclei. 


9. Nerve fiber bundles on the ventrolateral 
surface of the meseneephalon are the 

(a) tegmenta. 

(b) eorpora quadrigemina. 

(e) eerebral peduncles. 

(d) superior colliculi. 

10. Efferent traets from the hypothalarrms 

(a) eontrol involuntary motor aetivities. 

(b) eontrol autonomic function. 

(e) eoordinate aetivities of the nervous and 
endoerine systems. 

(d) do all of the above. 

11. The dieneephalie eomponents of the limbie 
system include the 

(a) limbie lobe and hippocampus. 

(b) fornix. 

(e) amygdaloid body and parahippoeampal 
gyrus. 

(d) thalarrms and hypothalamus. 

Level 2 Revievving Concepts 

1. Swelling of the jugular vein as it leaves the 
sku11 could eompress which of the following 
eranial nerves? 

(a) N l f N IV f and N V 

(b) N IX f N X f and N XI 

(e) N ll f N IV f and N VI 
(d) N Vlll f N IX f and N XII 

2. Why ean the brain respond to stirrmli with 
greater versatility than the spinal eord? 

3. Which lobe and speeifie area of the brain 
would be affeeted if a person could no 
longer cut designs from eonstmetion paper? 
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4. Impulses from proprioeeptors must pass 
through speeifie nuclei before arriving at their 
destination in the brain. What are the noelei, 
and what is the destination of this information? 

5. Which nuclei are involved in the eoordinated 
movement of the head in the direetion of a 
loud noise? 

6. Which eranial nerves are responsible for all 
aspeets of eye function? 

7. If a person has poor emotional eontrol and 
difficulty in remembering past events, what area 
of the brain might be damaged or have a lesion? 

8. Why is the blood brain barrier less intaet in 
the hypothalarrms? 


Level 3 Critical Thinking 

1. Rose falls down a flight of stairs and bumps 
her head several times. Soon after, she 
develops a headaehe and blurred vision. 
Diagnostie tests at the hospital reveal an 
epidural hematoma in the temporoparietal 
area. The hematoma is pressing against the 
brainstem. What other signs and symptoms 
might she experience as a result of the injury? 

2. If a person who has sustained a head injury 
passes out several days after the ineident 
occurred 7 what would you suspect to be 
the cause of the problem, and how serious 
might it be? 


MasteringA&P’ 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy 
topies 


v_ j 



CLIN ICAL CASE I WRAP-UP 


A Neuroanatomist s Stroke of Insight 

While her stroke affeeted the left side of Dr. Taylor's brain # the right 
side continued functioning. Because language and thoughts are 
typieally eontrolled in the left hemisphere (the dominant hemisphere 
of a right-handed person) # Dr. Taylor "sat in an absolutely silent mind" 
for the first month. Sinee the eenter for mathematieal calculation is 
situated in the left hemisphere # she had to learn to use numbers all 
over again. And because the primary motor cortex governing the right 
side of the body resides in the preeentral gyrus of the left hemisphere, 
she had to learn to use her right arm again. Fu11 reeovery took 8 years. 

The stroke destroyed some brain cells # but others were able to form 
new neuronal eonneetions. Neuroplasticity # this ability of nerve eells to 
make new connections # allows the brain to reorganize itself after injury. 

Dr. Taylor wants anatomy students to know two things. First # "if 
you study the brain # you will never be bored." Second # "if you treat 
stroke patients like they will reeover, they are more likely to reeover." 
She has written a best-selling memoir about her experience # My Stroke 
of Insight: A Brain Seientist's Personal Journey. 




1. How would you know # based on signs and symptoms # which side of 
Dr. Taylor's brain was injured by the stroke? 

2. What is neuroplasticity # and why was it important in Dr. Taylor's 
reeovery? 

See the blue Ansvvers tab at the baek of the book. 

_ ) 


Related Ginieal Terms 


attention defíeit hyperaetivity disorder 
(ADHD): Disorder occurring mainly in 
ehildren eharaeterized by hyperactivity # 
inability to eoneentrate, and impulsive or 
inappropriate behavior. 

Creutzfeldt-Jakob disease (CJD): A rare # 
degenerative # invariably fatal brain disorder 
that is marked by rapid mental deterioration. 
The disease, which is caused by a prion (an 
infectious protein particle) # typieally starts 
by causing mental and emotional problems # 
then progresses to affeet motor skills # such as 
walking and talking. 

delirium: An acutely disturbed state of mind 
that occurs in fever # intoxication # and 
other disorders and is eharaeterized by 
restlessness # hallucinations # and ineoherenee 
of thought and speeeh. 


Glasgow eoma seale: The most widely used 
seoring system to quantify the level of 
consciousness of a vietim of a traumatic brain 
injury. It rates three functions: eye opening # 
verbal response # and motor response. 

hydrocephalus: A eondition marked by an 
excessive accumulation of eerebrospinal 
fluid within the brain ventrieles. 

mieroeephaly: A birth defeet in which the 
head circumference is much smaller than 
expected for the age and sex of the ehild. 

migraine: A type of headaehe marked by 
severe debilitating head pain lasting several 
hours or longer. 

myoclonus: Aquick # involuntary muscle jerk 
or eontraetion; persistent myoclonus usually 
indieates a nervous system disorder. 


pallideetomy: The destruction of all or 
part of the globus pallidus by ehemieals 
or freezing; used in the treatment of 
Parkinson's disease. 

prosopagnosia: The inability to reeognize 
other humans by their faees. 

psyehosis: A severe mental disorder in which 
thought and emotions are so impaired that 
eontaet with reality is lost. 

stupor: A state of near-unconsciousness or 
insensibility. 

transient isehemie attaek (TIA): An episode 
in which a person has stroke-like symptoms 
that last less than 24 hours and result in no 
permanent injury to the brain # but may be 
a warning sign of the potential for a major 
stroke. 
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Summarize the anatomy and physiology of the 
sympathetie nervous system. 

Summarize the anatomy and physiology of the 
parasympathetie nervous system. 

Summarize the eoneept of dual innervation 
vvithin the autonomic nervous system. p. 462 


First Day of Anatomy Lab 


It is Tim's first day of anatomy lab # and he is excited. He has a new white lab 
eoat and a great anatomy textbook, and he's ready to go. 

The first thing Tim notiees upon entering the lab is the body on the table. 
A eadaver eertainly resembles a human being # but there is no mistaking the 
two. There are bright lights and new odors. 

Tim suddenly feels hot and sweaty. There is a vague diseomfort in his ehest 
and he feels nauseated and light-headed. His instructor says something, but 
he ean't understand the words. He tries to respond, but is unable to speak. His 
vision blurs and he hears ringing in his ears. The last thing Tim remembers is a 
sensation of profound weakness. 

Tim hits the floor with a thud, landing in a crumpled, prone position. 

His instructor rolls him over, loosens his belt, and props his legs up on a ehair. 
Within 10 seeonds Tim regains consciousness, but he feels exhausted. He also 
feels embarrassed. 


What happened to Tim? To find out, turn to the dinieal Case Wrap-Up 
on p. 469. 

























OUR CONSCIOUS THOUGHTS, PLANS, AND ACTIONS are only a tiny frao 
tion of the aetivities of the nervous system. When all consciousness is elim- 
inated, such as when we sleep, vital homeostatie proeesses continue virtually 
unchanged. Longer, deeper states of unconsciousness are not more dangerous, as 
long as nourishment is provided. People who have suffered severe brain injuries 
have survived in a eoma for deeades. Survival is possible under such eonditions 
because the autonomic nervous system (ANS) makes routine adjustments in 
physiologieal systems. The ANS regulates body temperature and eoordinates ear- 
diovascular, respiratory, digestive, excretory, and reproductive functions. 

This ehapter examines the anatomieal structure and subdivisions of the 
autonomic nervous system. Eaeh subdivision has a eharaeteristie anatomieal 
and functional organization. First, we deseribe the sympathetie and parasympa- 
thetie divisions. Then we examine the way these divisions maintain and adjust 
various organ systems to meet the body’s ever-ehanging physiologieal needs. 


17.1 A Comparison of the Somatie and 

Autonomic Nervous Systems 

► KEY POINT The peripheral nervous system has two subdivisions: the somatie 
nervous system and the autonomic nervous system. The somatie nervous system 
is assoeiated with voluntary movements of skeletal muscle and involves afferent 
sensory and efferent motor nerves. The autonomic nervous system is assoeiated 

| with involuntary aetivities of smooth rrmseles, glands, and viseeral structures and 

involves afferent sensory and efferent motor nerves. 


17 


Let's begin by eomparing the autonomic nervous system (ANS), which 
innervates viseeral effeetors, with the somatie nervous system (SNS), 
whose lower motor neurons innervate skeletal muscles. Like the SNS, the 
ANS has afferent and efferent neurons. Also like the SNS, the afferent sen- 
sory information of the ANS is proeessed in the eentral nervous system, 
and then efferent impulses are sent to effeetor organs. However, in the 
ANS, the afferent pathways originate in viseeral reeeptors, and the efferent 
pathways eonneet to viseeral effeetor organs, such as smooth muscle and 
glands. 

In addition to the differenee in reeeptor and effeetor organ loeation, the 
autonomic nervous system, eomposed of the sympathetie and parasympa- 
thetie divisions, differs from the somatie nervous system in the arrangement 
of the efferent neurons. In the ANS, the axon of a viseeral motor neuron 
within the eentral nervous system (CNS) innervates a seeond neuron loeated 
in a peripheral ganglion. This seeond neuron innervates the peripheral effee- 
tor. Viseeral motor neurons in the CNS send short, myelinated axons, ealled 
preganglionie fibers, to synapse on a group of neurons loeated within a 
ganglion (pleural, ganglia) (also termed aiitonomie ganglion) loeated outside 
the CNS. Axons leaving the ganglia are relatively long and are unmyelinated. 
These axons are ealled postganglionie fibers because they earry impulses 
away from the ganglion. Postganglionie fibers innervate peripheral tissues 
and organs, such as eardiae and smooth muscle, adipose tissue, and glands. 
gure 17.1 and Spotlight Figure 17.2 on pg. 425. 

Sympathetie and Parasympathetie Subdivisions 
of the ANS 

► KEY POINT The sympathetie division is most aetive during times of exertion, 
stress, and sexual climax, often termed the "fight-or-flight" reaetion. The para- 
sympathetie division is most aetive during sexual arousal and periods of "rest and 
digest." 

The two divisions of the ANS often have opposing effeets; if the sympathetie 
division causes excitation, the parasympathetie division causes inhibition. 
However, this is not always the ease because (1) the two divisions may work 


independently, with some structures innervated by only one division, and 
(2) the two divisions may work together, eaeh eontrolling one stage of a complex 
proeess. In general, the parasympathetie division is most aetive under resting 
eonditions, while the sympathetie division is most aetive during times of exer- 
tion, stress, or emergeney. Spotlight Figure 17.2 introduces the anatomy of 
the sympathetie division (also termed the thoraeohimbar division) and the 
parasympathetie division (also termed the eraniosaeral division). 

The autonomic nervous system also includes a third division—the enterie 
nervous system (ENS). The enterie nervous system is an extensive network 
of neurons loeated within the walls of the digestive traet. Although the ENS 
is affeeted by the sympathetie and parasympathetie divisions, many complex 
viseeral reflexes are initiated and eoordinated loeally, without instmetions 
from the eentral nervous system. In this ehapter, we focus on the sympathetie 
and parasympathetie divisions that integrate and eoordinate viseeral functions 
throughout the body. We eonsider the aetivities of the ENS when we discuss 
viseeral reflexes later in this ehapter, and again when we discuss the digestive 
system in Chapter 2 5. 



CONCEPT CHECK 

1 Deseribe preganglionie fibers and neurons and 
postganglionie fibers and neurons. 

2 Name the neurotransmitter released by most 
postganglionie sympathetie fibers. 

3 Where do the preganglionie fibers of the 
parasympathetie division of the ANS originate? 


See the blue Ansvvers tab at the baek of the book. 


17.2 The Sympathetie Division 

► KEY POINT The sympathetie division of the autonomic nervous system oper- 
ates through a series of intereonneeted neurons. Efferent sympathetie neurons 
originate from thoraeie and lumbar spinal nerves and synapse with neurons in 
the peripheral nervous system at a series of sympathetie ganglia. 

i gure 17/ and Spotlight Figure 17.2 shows an overall organization of the 
sympathetie division. Preganglionie neurons are only loeated between segments 
T^ and L 2 of the spinal eord. The eell bodies of these neurons occupy the lateral 
horns of the spinal eord between T^ and L 2 , and their axons enter the ventral 
roots of those segments. The ganglionie neurons are in three loeations: 

o Sympathetie ehain ganglia (also ealled paravertebral ganglia) are on both 
sides of the vertebral column. Postganglionie fibers exiting these ganglia 
innervate effeetor organs in the body wall, head and neek, limbs, and 
inside the thoraeie eavity. 

o Collateral ganglia (also known as prevertebral ganglia) are anterior to 
the vertebral column. Postganglionie fibers exiting these ganglia innervate 
effeetor organs in the abdominopelvie eavity. 

o Speeialized sympathetie neurons are loeated in the interior of the adrenal 
gland, known as the adrenal mediilla. The adrenal medulla is a modified 
sympathetie ganglion. These ganglionie neurons have very short axons. 
When stimulated, they release neurotransmitters into the bloodstream for 
distribution throughout the body as hormones. 

Sympathetie Chain Ganglia 

► KEY POINT The preganglionie neurons of the sympathetie division form syn- 
apses with ganglionie neurons within the sympathetie trunk. The sympathetie 
trunk is found on eaeh side of the vertebral column. 
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Figure 17.1 Organization of the Sympathetie Division of the ANS. This diagram highlights the 
relationships betvveen preganglionie and ganglionie neurons and betvveen ganglionie neurons and 
target organs. 
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Spotlight Figure 17.3 outlines the anatomy of the sympathetie ehain 
ganglia. Eaeh sympathetie ehain ganglion has 3 eervieal, 11-12 thoraeie, 
2-5 lumbar, and 4-5 saeral sympathetie ganglia and 1 eoeeygeal sympa- 
thetie ganglion. Numbers may vary because adjaeent ganglia may fuse. For 
example, the eoeeygeal ganglia from both sides usually fuse to form a single 
median ganglion, the ganglion impar, (look ahead to :gure 17.4 on page 
456), while the inferior eervieal and first thoraeie ganglia from both sides 
oeeasionally fuse to form a stellate ganglion. Preganglionie sympathetie neu- 
rons are only found in segments P\-l 2 ofthe spinal eord, and the spinal nerves of 
these segments have both vvhite rami communicantes (preganglionie fibers) and 
gray rami communicantes (postganglionie fibers). The neurons in the eervi- 
eal, inferior lumbar, and saeral sympathetie ehain ganglia are innervated by 
preganglionie fibers extending along the length of the ehain. In turn, these 
ehain ganglia provide postganglionie fibers, through the gray rami, to the 
eervieal, lumbar, and saeral spinal nerves. 

Every spinal nerve along the entire length of the spinal eord has a pair of 
gray rami communicantes earrying sympathetie postganglionie fibers. About 
8 pereent of the axons in eaeh spinal nerve are sympathetie postganglionie 
fibers. The dorsal and ventral rami of the spinal nerves provide extensive 
sympathetie innervation to structures in the body wall and limbs. In the 
head, postganglionie fibers leaving the eervieal sympathetie ganglia supply 
the regions and structures innervated by eranial nerves III, VII, IX, and X 
(Figure 17.4). 


Collateral Ganglia 

► KEY POINT Splanehn ie nerves earry viseeral efferent motor fibers and viseeral 
afferent sensory fibers. Postganglionie neurons vvithin the eollateral ganglia send 
postganglionie fibers to viseera vvithin the abdominal and pelvie eavities. 

The abdominopelvie viseera reeeive sympathetie innervation by sympathetie 
preganglionie fibers that synapse in separate eollateral ganglia. These fibers 
pass through the sympathetie ehain without synapsing. They form the paired 
splanehnie (SPLANK-nik) nerves, which lie in the posterior wall of the 
abdominal eavity. They originate as paired ganglia, but the two usually fuse 
(Figure 17.4). 

Anatomy of the Collateral Ganglia 

The splanehnie nerves (greater, lesser, lumbar, and saeral) innervate three 
eollateral ganglia. Preganglionie fibers from the seven inferior thoraeie seg- 
ments end at the eeliae (SÉ-lè-ak) ganglion and the superior mesenterie 
ganglion. These ganglia are loeated within an extensive, weblike network of 
nerve fibers termed an autonomic plexus (plural, plexuses). Preganglionie fibers 
from the lumbar segments form splanehnie nerves that end at the inferior 
mesenterie ganglion. The saeral splanehnie nerves end in the hypogastrie 
plexus, an autonomic network supplying pelvie organs and the external 
genitalia. 
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SPOTLIGHT 


FIGIIRE 17.2 


An lntroduction to the Autonomic Nervous System 


The autonomic nervous system (ANS) is eomposed of two divisions: 
the sympathetie division and the parasympathetie division. 
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Preganglionie neurons are loeated 
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Preganglionie fibers from both the thoraeie and upper lumbar spinal segments synapse in ganglia near 
the spinal eord. These axons and ganglia are part of the sympathetie division, or thoracolumbar 
division, of the autonomic nervous system (ANS). This division is often ealled the “fight-or-flight” system 
because an inerease in sympathetie aetivity generally stimulates tissue metabolism, inereases 
alertness, and prepares the body to deal with emergeneies. 
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Target Organs 


Most postganglionie fibers release 
norepinephrine (NE) at neuroeffector 
junctions. The effeet is usually 
excitatory but may vary depending 
on the nature of the reeeptor on the 
target eell’s plasma membrane. 

















































































































Parasympathetie Division (Craniosacral Division) 



Preganglionie fibers originating in either the brainstem (eranial nerves III, VII, IX, and X) or the saeral 
spinal eord are part of the parasympathetie division, or eraniosaeral division, of the ANS. The 
preganglionie fibers synapse on neurons of terminal ganglia, loeated elose to the target organs, or 
intramural ganglia ( murus , wall), within the tissues of the target organs. This division is often 
ealled the “rest-and-digest” system because it eonserves energy and promotes sedentary aetivities, 
such as digestion. 


Preganglionie Neurons 


Preganglionie neurons are loeated in 
the brainstem and in the lateral portion 
of the anterior horns of spinal 
segments S 2 -S 4 . 



Ganglia 


Ganglia are in or near the target organ. 
Preganglionie fibers release aeetyleholine 
(ACh), vvhieh is excitatory and stimulates 
ganglionie neurons. 



Target Organs 


All postganglionie fibers release ACh at 
neuroeffector junctions. The effeet is 
usually inhibitory, but may vary depend- 
ing on the nature of the reeeptor on the 
target eell’s plasma membrane. 
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SPOTLIGHT 


FIGLIRE 17.3 


A Review of the Sympathetie Nervous System 


The simplest way to understand the sympathetie braneh of the autonomic nervous system 
(ANS) is to deseribe the distribution and the various pathways taken by the efferent viseeral 
motor nerves. As you review the sympathetie braneh, keep the following five anatomieal details 
in mind: (1) The preganglionie fibers of the sympathetie braneh are short and myelinated; the 
postganglionie fibers are long and unmyelinated. (2) The sympathetie braneh of the ANS goes 
almost everywhere in the body: head, body walls, limbs, and viseera. (3) The postganglionie 
fibers reaeh the structures by (a) following arteries into the head, (b) aeeompanying somatie 
spinal nerves and their branehes, or (e) following autonomic nerves to the viseera. (4) The 
presynaptie fibers of the sympathetie braneh of the ANS exit from the CNS only by the ventral 
roots of spinal nerves T| to L 2 . (5) Somatie motor output and somatie sensory input are also 
eontained within spinal nerves Ti to L 2 . 


Anatomy of the Preganglionie Neurons, Rami Communicantes, and Ganglionie Neurons 


The eell bodies of the preganglionie neurons are loeated in the 
lateral horns of the spinal eord between T-| and L 2 . Their axons 
enter the ventral roots of the spinal nerves at these segments. 
Eaeh ventral root joins the eorresponding dorsal root, which 
earries afferent sensory fibers, to form a spinal nerve. As the 
spinal nerve exits the intervertebral foramen, a white ramus 
communicans branehes from the spinal nerve. The white ramus 
communicans earries myelinated preganglionie fibers of the 
sympathetie braneh of the ANS into a nearby sympathetie 
ehain ganglion. 
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The preganglionie neuron synapses with the eell body of the 
ganglionie neuron in a sympathetie ehain ganglion. LJnmyelinated 
postganglionie fibers then leave the sympathetie ehain by the gray 
ramus eomnrmnieans, re-enter the spinal nerve, and proeeed to 
their peripheral targets within spinal nerves. These postganglionie 
fibers will innervate structures in the body wall, such as the sweat 
glands of the skin or the smooth muscles in superficial blood 
vessels. 



exiting through gray ramus 

communicans 


It is important to remember that efferent somatie motor neurons 
and afferent somatie sensory neurons are also found within all 
spinal nerves, including those spinal nerves exiting the spinal 
eord between T-j and L 2 . 
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Autonomic Nervous System: What Happens in the Ganglionie Chain 


Postganglionie fibers innervating viseeral organs in the thoraeie 
eavity, such as the heart and esophagus, will exit the spinal nerve by 
the white ramus communicans and enter the sympathetie ehain 
ganglion. The preganglionie neuron will then exit the ehain ganglion 
without synapsing with a postganglionie neuron. These preganglionie 
neurons will proeeed to a eollateral ganglion and synapse with the 
ganglionie neuron there. Fibers from the postganglionie neuron will 
then proeeed direetly to their peripheral targets as sympathetie 
nerves. These nerves are usually named after their primary targets, 
such as the eardiae nerves and esophageal nerves. 


Some fibers entering the sympathetie ehain ganglion will aseend 
within the sympathetie ehain and synapse with a ganglionie neuron 
at a higher level. Fibers from the postganglionie neuron will then 
exit the ganglionie ehain by the gray ramus communicans, re-enter 
the spinal nerve, and innervate its target organ. 
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Some fibers entering the sympathetie ehain ganglion will deseend 
within the sympathetie ehain and synapse with a ganglionie neuron 
at a lower level. Fibers from the postganglionie neuron will then 
exit the ganglionie ehain by the gray ramus communicans, re-enter 
the spinal nerve, and innervate its target organ. 



Preganglionie fibers regulating the aetivities of the abdominopelvie 
viseera originate at preganglionie neurons in the inferior thoraeie 
and superior lumbar segments of the spinal eord. These fibers pass 
through the sympathetie ehain without synapsing and enter a 
eollateral ganglion. Preganglionie fibers then eonverge to form the 
greater, lesser, and lumbar splanehnie (SPLANK-nik) nerves in 
the posterior wall of the abdominal eavity. Splanehnie nerves from 
both sides of the body eonverge on the eollateral ganglia. Collateral 
ganglia are loeated anterior and lateral to the deseending aorta. 
These ganglia are most often single, rather than paired, structures. 

Other preganglionie neurons will pass through the sympathetie 
ehain without synapsing and proeeed to the adrenal medulla. 
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Figure 17.4 Anatomieal Distribution of Sympathetie Postganglionie Fibers. The left side of this 
figure shows the distribution of sympathetie postganglionie fibers through the gray rami and spinal 
nerves. The right side shows the distribution of preganglionie and postganglionie fibers innervating 
viseeral organs. However # both innervation patterns are found on eaeh side of the body. 
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The Celiac Ganglion The eeliae ganglion is loeated at the base of the 
eeliae trunk. Postganglionie fibers from the eeliae ganglion innervate the stom- 
aeh, duodenum, liver, gallbladder, panereas, spleen, and kidney. The eeliae 
ganglion varies eonsiderably in appearanee and often eonsists of a pair of inter- 
eonneeted masses of gray matter. 

The Superior Mesenterie Ganglion The superior mesenterie ganglion 
is loeated at the base of the superior mesenterie artery. Postganglionie fibers 
from the superior mesenterie ganglion innervate the small intestine and the 
initial segments of the large intestine. 

The Inferior Mesenterie Ganglion The inferior mesenterie ganglion is 
loeated at the base of the inferior mesenterie artery. Postganglionie fibers from 
this ganglion innervate the terminal portions of the large intestine, the kidney 
and bladder, and the sex organs. 

Adrenal Medulla 

► KEY POINT The eells of the adrenal medulla seerete epinephrine and norepi- 

nephrine following stirrmlation by sympathetie preganglionie neurons. 

Some preganglionie fibers originating between T 5 and T 8 pass through the sym- 
pathetie ehain and the eeliae ganglion without synapsing and proeeed to the 
adrenal mediilla (plural, medullae). There they synapse on modified neurons 
that perform an endoerine function (Spotlight Figure 17.3 and igures 17.4 
and 7.Ì ). When stimulated, these modified neurons release the nemotransmit- 
ters epinephrine (E) and norepinephrine (NE) into an extensive network of eap- 
illaries. These neurotransmitters function as hormones, exerting their effeets in 
other regions of the body. Epinephrine, also ealled adrenaline, accounts for 75-80 
pereent of the seeretory output; the rest is norepinephrine (noradrenaline ). 

The circulating blood distributes these hormones throughout the body, 
ehanging the metabolie aetivities of many different eells. In general, the 
effeets resemble those produced by the stimulation of sympathetie postgan- 
glionie fibers. They differ, however, in two ways: (1) Cells not innervated by 


sympathetie postganglionie fibers are affeeted by circulating levels of epineph- 
rine and norepinephrine only if they possess reeeptors for these molecules; and 
(2) the effeets last much longer than those produced by direet sympathetie 
innervation, because the released hormones continue to diffuse out of the eir- 
culating blood for an extended period. 

Effeets of Sympathetie Stimulation 

► KEY POINT The sympathetie division of the ANS ehanges tissue and organ 

aetivities by releasing norepinephrine at peripheral synapses and by releasing ep- 

inephrine and norepinephrine from the adrenal medulla. 

Sympathetie motor fibers innervating speeifie effeetors, such as smooth mus- 
ele fibers in blood vessels of the skin, are aetivated in reflexes not involving 
other peripheral effeetors. In a erisis, however, the entire division responds. 
This event, ealled sympathetie aetivation, affeets peripheral tissues and alters 
CNS aetivity. Sympathetie eenters in the hypothalamus eontrol sympathetie 
aetivation. 

When sympathetie aetivation occurs, we experience the following: 

■ inereased alertness, through stimulation of the reticular aetivating system, 
causing us to feel “on edge” 

■ A feeling of energy and euphoria, often assoeiated with a disregard for dan- 
ger and temporary insensitivity to painful stimuli 

■ inereased aetivity in the cardiovascular and respiratory eenters of the pons 
and medulla oblongata, leading to inereased heart rate and eontraetion 
strength, elevations in blood pressure, breathing rate, and depth of respiration 

■ A general elevation in muscle tone through stimulation of the extrapyra- 
midal system, so that we look tense and may even begin to shiver 

■ The mobilization of energy reserves through the aeeelerated breakdown 
of glyeogen in muscle and liver eells and the release of lipids by adipose 
tissues 


Figure 17.5 Adrenal Medulla 
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These ehanges, coupled with the peripheral ehanges already discussed, 
eomplete the preparations neeessary for us to handle stressful and potentially 
dangerous situations. We will now eonsider the cellular basis for the general 
effeets of sympathetie aetivation on peripheral organs. 


Sympathetie Aetivation and Neurotransmitter 
Release 

► KEY POINT Sympathetie preganglionie fibers release aeetyleholine (ACh) at 
eholinergie synapses. Postganglionie fibers release norepinephrine (NE) at adren- 
ergie, neuroeffector jiinetions. 


The aeetyleholine (ACh) released by eholinergie, preganglionie neurons 
during sympathetie aetivation always stimulates the ganglionie neurons. 
This leads to postganglionie fibers releasing norepinephrine (NE) at neu- 
roeffeetor junctions. These neuroeffector junctions are adrenergie, sym- 
pathetie terminals. The sympathetie division also eontains a small but 
signifieant number of ganglionie neurons that release ACh, rather than 
NE, at their neuroeffector junctions. For example, ACh is released at sym- 
pathetie neuroeffector junctions in the body wall, in the skin, and within 
skeletal muscles. 

ure 17.6 shows a typieal sympathetie neuroeffector junction. This type 
of synaptie junction forms an extensive branehing network rather than end- 
ing in a single axon terminal (as seen in a skeletal neuromuscular junction). 
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Figure 17.6 Sympathetie Postganglionie Nerve Endings. A diagrammatie 
view of sympathetie neuroeffector junctions. 
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Eaeh braneh resembles a string of beads, and eaeh bead, or varieosity, is paeked 
with mitoehondria and neurotransmitter vesieles. These varieosities pass along 
or near the surfaces of many effeetor eells. A single axon may supply 20,000 
varieosities, which ean affeet dozens of surrounding eells. Reeeptor proteins are 
seattered aeross most plasma membranes, and there are no speeialized postsyn- 
aptie membranes. 

The effeets caused by the neurotransmitter released at a varieosity last 
for only a few seeonds before the neurotransmitter is reabsorbed, broken 
down by enzymes, or removed by diffusion into the bloodstream. In eontrast, 
the effeets of the epinephrine and norepinephrine seereted by the adrenal 
medullae last much longer because (1) the bloodstream does not eontain 
the enzymes required to break down epinephrine or norepinephrine, and 
(2) most tissues eontain relatively low eoneentrations of these enzymes. As 
a result, stimulation of the adrenal medulla causes widespread effeets that 
continue for a relatively long time. For example, tissue eoneentrations of 
epinephrine may remain elevated for as long as 30 seeonds, and the effeets 
may last for several minutes. 

Plasma Membrane Reeeptors and Sympathetie 

Function 

► KEY POINT The effeets of sympathetie stimulation result from the interaetion 

between epinephrine or norepinephrine and plasma membrane reeeptors. 

There are two elasses of sympathetie reeeptors sensitive to epinephrine and nor- 
epinephrine: alpha reeeptors and beta reeeptors. Eaeh of these elasses of 
reeeptors has two or three subtypes. The diversity of reeeptors and the vary- 
ing eombinations found on plasma membranes account for the wide variety 
in target organ responses to sympathetie stimulation. In general, epinephrine 
stimulates both elasses of reeeptors, while norepinephrine primarily stimulates 
alpha reeeptors. 

A Summary of the Sympathetie Division 

In summary: 

■ The sympathetie division of the ANS includes two sympathetie ehains 
resembling a string of beads, one on eaeh side of the vertebral column; 
three eollateral ganglia anterior to the spinal column; and two adrenal 
medullae. 

■ Preganglionie fibers are short because the ganglia are elose to the spi- 
nal eord. The postganglionie fibers are longer and extend a eonsiderable 
distanee before reaehing their target organs. (In the ease of the adrenal 
medullae, very short axons from modified ganglionie neurons end at eapil- 
laries that earry their seeretions to the bloodstream.) 

■ The sympathetie division shows extensive divergenee; a single pregangli- 
onie fiber may innervate as many as 32 ganglionie neurons in several dif- 
ferent ganglia. As a result, a single sympathetie motor neuron inside the 
CNS eontrols a variety of peripheral effeetors and produces a complex and 
eoordinated response. 

■ All preganglionie neurons release ACh at their synapses with ganglionie 
neurons. Most of the postganglionie fibers release norepinephrine, but a 
few release ACh. 

■ The effeetor response depends on the function of the plasma membrane 
reeeptor aetivated when epinephrine or norepinephrine binds to either 
alpha or beta reeeptors. 

Table 17.1 (look ahead to page 464) smnmarizes the eharaeteristies of 
the sympathetie division of the ANS. 
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CLINICAL NOTE 


Sympathetie Function: Too Little, Too Much 


Too little: Horner syndrome is a eondition vvhere the sympathetie 
postganglionie innervation to one side of the faee beeomes 
interrupted. This may be due to a tumor 7 infeetion, injury, or trauma 
to the braehial plexus. The affeeted side of the faee beeomes flushed 
as vascular tone deereases, and there is no svveating. The pupil on 
that side beeomes markedly constricted # the eyelid droops, and the 
eye appears to retreat into the orbit. 


Too much: The sympathetie nervous system (SNS) prepares the body 
for "fight or flight" by eonstrieting the superfieial blood vessels, reserving 
blood for the muscles and brain, vvhere it is needed in emergeneies. 
Raynaud's disease (Raynaud's phenomenon ) is a eondition in vvhieh 
the SNS temporarily initiates peripheral vasoeonstrietion of the small 
arteries in the fingers and toes in response to eold temperatures or stress. 
The cause is unknown # and it affeets more women than men. Smoking, 
eaffeine, and drugs that cause vasoeonstrietion ean make it worse. 




CONCEPT CHECK 

4 VVhere do the nerve fibers that synapse in the 
eollateral ganglia originate? 

5 lndividuals vvith high blood pressure may be given a 
medieation that bloeks beta reeeptors. Hovv would 
this medieation help their eondition? 

6 Deseribe sympathetie ehain ganglia and eollateral 
ganglia. 


5ee the blue Ansvvers tab at the baek of the book. 


17.3 The Parasympathetie Division 


oblongata eontain autonomic nuclei assoeiated with eranial nerves III, VII, 
IX, and X. In the saeral segments of the spinal eord, the autonomic nuclei 
lie in spinal segments S 2 -S 4 . 

Ganglionie neurons loeated in peripheral ganglia within or adjaeent to the 
target organs. Preganglionie fibers of the parasympathetie division do not 
diverge as extensively as do those of the sympathetie division. A typieal 
preganglionie fiber synapses on six to eight ganglionie neurons. These neu- 
rons are all loeated in the same ganglion, and their postganglionie fibers 
influence the same target organ. The ganglion may be a terminal ganglion 
(near the target organs) or an intramural ganglion (within the tissues of 
target organs). As a result, the effeets of parasympathetie stimulation are 
more speeifie and loealized than those of the sympathetie division. 


► KEY POINT The parasympathetie division of the autonomic nervous system 
operates through a series of intereonneeted neurons. Efferent parasympathetie 
neurons originate from eranial nerves III, VII, IX, and X and saeral spinal nerves 
S 2 -S 4 and synapse with neurons within or near the innervated organ. 

The parasympathetie division of the ANS gure 17.7 eonsists of the 
following: 

■ Preganglionie neurons loeated in the brainstem and in saeral segments 
of the spinal eord. The meseneephalon (midbrain), pons, and medulla 


Organization and Anatomy of the 
Parasympathetie Division 

► KEY POINT The parasympathetie division originates from eranial nerves and 
saeral spinal nerves. 

Parasympathetie preganglionie fibers leave the brain in eranial nerves III 
(oculomotor), VII (faeial), IX (glossopharyngeal), and X (vagus). The fibers 
in N III, N VII, and N IX eontrol viseeral structures in the head. These 
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Figure 17.7 Organization of the Parasympathetie Division of the ANS. This diagram summarizes 
the relationships betvveen preganglionie and ganglionie neurons and betvveen ganglionie neurons 
and target organs. 
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preganglionie fibers synapse in the eiliary, pterygopalatine, submandib- 
ular, and otie ganglia. Short postganglionie fibers then continue to their 
peripheral targets. The vagus nerve (X) provides preganglionie parasympa- 
thetie innervation to intramural ganglia within viseera in the thoraeie and 
abdominopelvie eavities, traveling as far as the last segments of the large 
intestine. The vagus nerve alone provides roughly 75 pereent of all parasym- 
pathetie outflow (Fìgure 17.8). 

The saeral parasympathetie outflow does not join the ventral rami of the 
spinal nerves. t) pp. 366-368 Instead, the preganglionie fibers form distinet 
pelvie nerves that innervate intramural ganglia in the kidney and urinary 
bladder, the terminal portions of the large intestine, and the sex organs. 

General Fiinetions of the Parasympathetie 
Division 

The following is a partial listing of the major effeets produced by the parasym- 
pathetie division: 

■ Constriction of the pupils, which restriets the amount of light entering the 

eyes and aids focusing on nearby objeets 


■ Seeretion by digestive glands, including salivary glands, gastrie glands, duo- 
denal and other intestinal glands, the panereas, and the liver 

■ Seeretion of hormones promoting nutrient absorption by peripheral 
eells 

■ inereased smooth muscle aetivity along the digestive traet 

■ Stimulation and eoordination of defeeation 

■ Contraction of the urinary bladder during urination 

■ Constriction of the respiratory passageways 

■ Reduction in heart rate and foree of eontraetion 

■ Sexual arousal and stimulation of sexual glands in both sexes 

These functions eenter on relaxation, food proeessing, and energy absorp- 
tion. Stimulation of the parasympathetie division leads to an inerease in the 
nutrient eontent within the blood. Cells throughout the body respond to this 
inerease by absorbing nutrients and using them to support growth and other 
anabolie aetivities. 
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Figure 17.8 Anatomieal Distribution of the Parasympathetie Output. Preganglionie fibers exit the 
CNS through either eranial nerves or pelvie nerves. The pattern of target organ innervation is similar 
on eaeh side of the body # although only nerves on the left side are illustrated. 


Pterygopalatine ganglion 


Laerimal gland 


Salivary glands 


Heart 



Liver and 
gallbladder 

Stomaeh 


Spleen 


Panereas 


Large intestine 


Small intestine 


Rectum 


Kidney 


Preganglionie fibers 
Postganglionie fibers 


Uterus 


Ovary 


Penis Scrotum 


Urinary bladder 


ehapter 17 The Nervous System: Autonomic Nervous System 


461 




























































































Parasympathetie Aetivation and 
Neurotransmitter Release 

► KEY POINT All preganglionie and postganglionie fibers of the parasympa- 
thetie division release aeetyleholine at their synapses and neuroeffector junctions. 

Parasympathetie neuroeffector junctions are small, with narrow synaptie elefts. 
The effeets of stimulation are short-lived because most of the aeetyleholine 
released is inaetivated by aeetyleholinesterase (AChE) within the synapse. Any 
ACh diffusing into the surrounding tissues is deaetivated by AChE. As a result, 
the effeets of parasympathetie stimulation are quite loealized and last a few 
seeonds at most. 


Plasma Membrane Reeeptors and Responses 

The parasympathetie division uses the same neurotransmitter, ACh, at all of its 
synapses (neuron-to-neuron) and neuromuscular or neuroglandular junctions. 
Two types of ACh reeeptors are found on postsynaptie plasma membranes: 

o Nieotinie (nik-o-TIN-ik) reeeptors are on the surfaces of all ganglionie 
neurons of both the parasympathetie and sympathetie divisions, as well 
as at neuromuscular synapses of the somatie nervous system. Exposure 
to ACh always causes excitation of the ganglionie neuron or muscle fiber 
through the opening of ehemieally gated Na + ehannels in the postsynap- 
tie membrane. 

o Muscarinic (mus-ka-RIN-ik) reeeptors are found at all eholinergie neu- 
romuscular or neuroglandular junctions in the parasympathetie division, 
as well as at the few eholinergie neuroeffector junctions in the sympathetie 
division. Stimulation of muscarinic reeeptors produces longer-lasting 
effeets than does stimulation of nieotinie reeeptors. The response, which 
refleets the aetivation or inaetivation of speeifie enzymes, may be either 
excitatory or inhibitory. 

The names nieotinie and muscarinic indieate the ehemieal compounds 
that stimulate these reeeptor sites. Nieotinie reeeptors bind nieotine, a power- 
ful eomponent of tobaeeo smoke. Muscarinic reeeptors are stimulated by mus- 
earine, a toxin produced by some poisonous mushrooms. 

A Siimmary of the Parasympathetie Division 


17.3 CONCEPT CHECK 

7 Where are intramural ganglia loeated? 

8 Why does sympathetie stimulation have such 
vvidespread effeets? 

See the blue Ansvvers tab at the baek of the book. 




Re ationship between the 
Sympathetie and Parasympathetie 
Divisions 


► KEY POINT Most organs innervated by the aiitonomie nervous system are 
innervated by both the sympathetie and parasympathetie branehes. Typieally, one 
division will inerease aetivity of the organ, and the other will deerease the organ's 
aetivity. 


The sympathetie division has a widespread impaet, reaehing viseeral organs 
and tissues throughout the body. The parasympathetie division modifies the 
aetivity of structures innervated by speeifie eranial nerves and pelvie nerves. 
This includes the viseeral organs within the thoraeie and abdominopelvie eav- 
ities. Although some of these organs are innervated by only one autonomic 
division (sympathetie or parasympathetie), most vital organs reeeive dual 
innervation—that is, they are innervated by both the sympathetie and para- 
sympathetie divisions. 

Where dual innervation exists, the two divisions often have opposite, or 
antagonistie, effeets. Dual innervation is most eommon in the digestive traet, 
the heart, and the lungs. For example, sympathetie stimulation deereases diges- 
tive traet motility, while parasympathetie stimulation inereases its motility. 


Anatomy of Dual Innervation 

► KEY POINT Although the parasympathetie and sympathetie branehes of the 
autonomic nervous system exit the CNS from different regions, parasympathetie 
and sympathetie fibers are often found within the same peripheral ganglia or 
plexus. 


In summary: 

■ The parasympathetie division includes viseeral motor nuclei in the brain- 
stem assoeiated with four eranial nerves (III, VII, IX, and X). Autonomic 
nuclei lie in the lateral portions of the anterior horns in saeral segments 

S2-S4. 

■ The ganglionie neurons are loeated in terminal or intramural ganglia. 

■ The parasympathetie division innervates structures in the head and organs 
in the thoraeie and abdominopelvie eavities. 

■ All parasympathetie neurons are eholinergie. Release of aeetyleholine by 
preganglionie neurons stimulates nieotinie reeeptors on ganglionie neu- 
rons, and the effeet is always excitatory. The release of ACh at neuroef- 
feetor junctions stimulates muscarinic reeeptors, and the effeets may be 
either excitatory or inhibitory, depending on the nature of the enzymes 
aetivated when ACh binds to the reeeptor. 

■ The effeets of parasympathetie stimulation are brief and restrieted to spe- 
eifie organs and sites. 

Table 17.1 (p. 464) summarizes the eharaeteristies of the parasympa- 
thetie division of the ANS. 


In the head, parasympathetie postganglionie fibers from the eiliary, pterygopal- 
atine, submandibular, and otie ganglia aeeompany the eranial nerves to their 
peripheral destinations. Sympathetie innervation reaehes the same structures 
by traveling direetly from the superior eervieal ganglia of the sympathetie ehain. 

In the thoraeie and abdominopelvie eavities, the sympathetie postgangli- 
onie fibers intermix with parasympathetie preganglionie fibers at a series of 
plexuses Figure 17.9] . These are the eardiae plexus, pulmonary plexus, esoph- 
ageal plexus, eeliae plexus, inferior mesenterie plexus, and hypogastrie plexus. 
Nerves leaving these plexuses travel with the blood vessels and lymphaties sup- 
plying viseeral organs. 

Autonomic fibers entering the thoraeie eavity interseet at the eardiae 
plexus and the pulmonary plexus. These plexuses eontain both sympathetie 
fibers innervating the heart and parasympathetie fibers innervating the heart 
and lungs. The esophageal plexus eontains deseending branehes of the 
vagus nerve and splanehnie nerves leaving the sympathetie ehain ganglia on 
eaeh side. 

Parasympathetie preganglionie fibers of the vagus nerve follow the esopha- 
gus as it enters the abdominopelvie eavity. There the parasympathetie fibers join 
the network of the eeliae plexus (solar plexus ). The eeliae plexus and an assoei- 
ated smaller plexus, the inferior mesenterie plexus, innervate viseera within 
the abdominal eavity. The hypogastrie plexus eontains the parasympathetie 


462 The Nervous System 


www.ebook3000.com 




Figure 17.9 The Peripheral Autonomic Plexuses 
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A diagrammatie view of the distribution of ANS plexuses in the thoraeie 
eavity (eardiae, esophageal, and pulmonary plexuses) and the abdomi- 
nopelvie eavity (eeliae, inferior mesenterie, and hypogastrie plexuses) 



A seetional view of the autonomic 
plexuses 


outflow of the pelvie nerves, sympathetie postganglionie fibers from the 
inferior mesenterie ganglion, and saeral splanehnie nerves from the sympa- 
thetie ehain. The hypogastrie plexus innervates the digestive, urinary, and 
reproductive organs of the pelvie eavity. 

gure 17.10 and Table 17.1 eompare key features of the sympathetie 
and parasympathetie divisions of the autonomic nervous system. 

Viseeral Reflexes 

► KEY POINT Viseeral reflexes play an important role in regulating and eoordi- 
nating the aetivities of various organs in the digestive system. All autonomic, vis- 
eeral reflexes are polysynaptie, with at least one synapse in the CNS and another 
in an autonomic nervous system ganglion. 


Viseeral reflexes are autonomic reflexes initiated in the viseera Figure 17.1 . 

They provide automatic motor responses that ean be modified, faeilitated, or 
inhibited by higher eenters, espeeially those of the hypothalamus. 

For example, when a light is shone in one of your eyes, a viseeral reflex 
eonstriets the pupils of both eyes. In darkness, your pupils dilate. The motor 
nuclei direeting pupillary eonstrietion or dilation are also eontrolled by hypo- 
thalamie eenters eoneerned with emotional states. For example, when you are 
queasy or nauseated, your pupils eonstriet; when you are sexually aroused, your 
pupils dilate. 

All viseeral reflexes are polysynaptie (having more than one syn- 
apse). Eaeh viseeral reflex are is made up of a reeeptor, a sensory nerve, 
a proeessing eenter (one or more interneurons) in the CNS, and two 
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Figure 17.10 A Comparison of the Sympathetie and Parasympathetie 
Divisions. This diagram eompares fiber length (preganglionie and 
postganglionie), the general loeation of ganglia, and the primary 
neurotransmitter released by eaeh division of the autonomic nervous 
system. 
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viseeral motor neurons (preganglionie and ganglionie). Afferent (sen- 
sory) nerves deliver information to the CNS along spinal nerves, era- 
nial nerves, and the autonomic nerves innervating peripheral effeetors 

(Figure 17.11] . 

Viseeral reflexes are either long reflexes or short reflexes. Long reflexes of 
the autonomic nervous system resemble the polysynaptie reflexes introduced 


Figure 17.1 Viseeral Reflexes. Viseeral reflexes have the same basie 
eomponents as somatie reflexes, but all viseeral reflexes are polysynaptie. 
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in ehapter 14. tD p. 380 Viseeral sensory neurons deliver information to the 
CNS by the dorsal roots of spinal nerves, within the sensory branehes of era- 
nial nerves, and within the autonomic nerves innervating viseeral effeetors. The 
proeessing steps involve interneurons within the CNS. The motor neurons of 
these long reflexes are loeated within the brainstem or spinal eord. The ANS 
earries the motor eommands to the appropriate viseeral effeetors after a syn- 
apse within a peripheral autonomic ganglion. 

Short reflexes bypass the CNS entirely. They involve sensory neurons 
and interneurons with neuronal somas loeated within autonomic ganglia. The 
interneurons synapse on ganglionie neurons, and the motor eommands are 
distributed by postganglionie fibers. Short reflexes eontrol very simple motor 
responses with loealized effeets. 

In general, short reflexes eontrol patterns of aetivity in one part of a tar- 
get organ, while long reflexes eoordinate the aetivities of the entire organ. 
Table 17.2 summarizes information eoneerning important long and short 
viseeral reflexes. 


Table 17.1 


A Comparison of the Sympathetie and Parasympathetie Divisions of the ANS 


eharaeteristie 

Sympathetie Division 

Parasympathetie Division 

Loeation of CNS Viseeral Motor Neurons 

Lateral horns of spinal segments T^-L^ 

Brainstem and spinal segments S 2 -S 4 

Loeation of PNS Ganglia 

Sympathetie ehain ganglia; eollateral ganglia 
(eeliae, superior mesenterie, and inferior mesenterie) 
loeated anterior and lateral to the deseending aorta 

Within the tissues of the target organs (intramural 
ganglion) or loeated elose to the target organ (terminal 
ganglion) 

Preganglionie Fibers 

Length 

Neurotransmitter released 

Relatively short, myelinated 

Relatively long, myelinated 

Aeetyleholine 

Aeetyleholine 

Postganglionie Fibers 

Length 

Neurotransmitter released 

Relatively long, unmyelinated 

Relatively short, unmyelinated 

Usually norepinephrine 

Always aeetyleholine 

Neuroeffector Junction 

Varieosities and enlarged terminal knobs that 
release transmitter near target eells 

Neuroeffector junctions that release transmitter to speeial 
reeeptor surface 

Degree of Divergenee from CNS to 
Ganglion Cells 

Approximately 1:32 

Approximately 1:6 

General Functions 

Stimulate metabolism, inerease alertness, prepare 
for emergeney "fight-or-flight" response 

Promote relaxation, nutrient uptake, energy storage ("rest 
and digest") 
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Table 17.2 


Representative Viseeral Reflexes 


Reflex 

Stimulus 

Response 

Comments 

PARASYMPATHETie REFLEXES 

Gastrie and intestinal reflexes 

fSee ehapter 25) 

Pressure and physieal eontaet 
with food materials 

Smooth muscle eontraetions that propel food 
materials and mix food with seeretions 

Mediated by the vagus nerve (X) 

Defeeation (See ehapter 25) 

Distention of rectum 

Relaxation of internal anal sphineter 

Requires voluntary relaxation of 
external anal sphineter 

llrination (See ehapter 26) 

Distention of urinary bladder 

Contraction of urinary bladder walls # relaxation 
of internal urethral sphineter 

Requires voluntary relaxation of 
external urethral sphineter 

Direet light and consensual light 
reflexes (See ehapter 18) 

Bright light shining in eye(s) 

Constriction of pupils of both eyes 

Mediated by oculomotor nerve (III) 

Swallowing reflex (See Chapter25) 

Movement of food and drink 
into superior pharynx 

Smooth muscle and skeletal muscle 
eontraetions 

Coordinated by swallowing eenter in 
medulla oblongata 

Vomiting reflex (See ehapter 25) 

Irritation of digestive traet 
lining 

Reversal of normal smooth muscle aetion to 
ejeet eontents 

Coordinated by vomiting eenter in 
medulla oblongata 

Coughing reflex (See ehapter 24) 

Irritation of respiratory traet 
lining 

Sudden explosive ejeetion of air 

Coordinated by coughing eenter in 
medulla oblongata 

Baroreeeptor reflex 

(See ehapter 21) 

Sudden rise in blood pressure in 
earotid artery 

Reduction in heart rate and foree of 
eontraetion 

Coordinated in eardiae eenter in 
medulla oblongata 

Sexual arousal (See ehapter 27) 

Erotie stimuli (visual or taetile) 

inereased glandular seeretions, sensitivity 


SYMPATHETIC REFLEXES 

Cardioacceleratory reflex 

(See ehapter 21) 

Sudden deeline in blood 
pressure in earotid artery 

inerease in heart rate and foree of eontraetion 

Coordinated in eardiae eenter in 
medulla oblongata 

Vasomotor reflexes 

(See ehapter 22) 

ehanges in blood pressure in 
major arteries 

ehanges in diameter of peripheral blood 
vessels 

Coordinated in vasomotor eenter in 
medulla oblongata 

Pupillary reflex (See ehapter 18) 

Low light level reaehing visual 
reeeptors 

Dilation of pupil 

Mediated by oculomotor nerve (III) 

Emission and ejaculation 
(in males) (See ehapter 27) 

Erotie stimuli (taetile) 

Contraction of seminal glands and prostate, and 
skeletal muscle eontraetions that ejeet semen 

Ejaculation involves the eontraetions 
of the bulbospongiosus muscles 



CLI NICAL NOTE 


Urinary BOadder Dysfunction Follovving Spinal Cord lnjury 


(Jrinary traet problems are of great eoneern for people with 
spinal eord injuries (SCIs). Normally, when the bladder is fuII, 
eoordinated viseeral (autonomic) reflexive eontraetions of the detmsor 
and relaxation of the involuntary internal urethral sphineter are 
aeeompanied by voluntary (somatie) relaxation of the external urethral 
sphineter. Afferent sensory nerves from streteh reeeptors in the wall of 
the urinary bladder enter the spinal eord between L<| and S 4 . Efferent 
parasympathetie nerves S 2 -S 4 innervate the detrusor and the internal 
involuntary sphineter. inereased parasympathetie nervous aetivity causes 
the bladder to eontraet and the involuntary urethral sphineter to relax 7 
producing the urge to urinate. Efferent sympathetie nerves L^ and L 2 
inhibit bladder eontraetion and cause the involuntary urethral sphineter 
to eontraet, preventing the passage of urine. The pudendal nerves (S 2 -S 4 ) 
of the somatie nervous system regulate relaxation of the voluntary 
skeletal muscle of the external urethral sphineter, allowing urination. 


After an SCI # the kidneys are unaffected # but messages ean no 
longer move between the bladder and brain. During the immediate 
period of spinal shoek, which lasts from days to several weeks # there 
is no somatie or viseeral bladder aetivity and the bladder is eompletely 
flaeeid, requiring continuous eatheter drainage. After spinal shoek 
subsides # depending on the level and eompleteness of the SCI # bladder 
and sphineter rrmseles may be weak # spastic # or poorly eoordinated. An 
injury involving motor neurons T 12 or above will result in a reflexive # 
spastie bladder that empties without eontrol. Disruption of the reflex 
are in spinal nerves S 2 -S 4 results in a flaeeid bladder that eannot 
eontraet and therefore eannot empty. 

lnvoluntary urination is known as ineontinenee. To maintain 
urinary traet health following an SCI # an indwelling urinary eatheter or 
intermittent eatheterization to empty the bladder is neeessary. 
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CLINICAL NOTE 


Dysautonomia 


Dysautonomia is the umbrella term used to deseribe eonditions 
resulting from abnormal functioning of the autonomic nervous 
system. It ean be caused by failure of the sympathetie or parasym- 
pathetie eomponents of the ANS, but it ean also involve excessive 
aetivities of the ANS. Most of these eonditions involve heart rate 
irregularity, unstable blood pressure 7 and in extreme eases, death. 

The cause is unknown and currently there is no cure for any 
dysautonomia. Treatments are symptomatie and aimed at improving 
quality of life. Examples of eommon dysautonomia eonditions that 
result from sympathetie failure include multiple system atrophy 
(MSA), neurocardiogenic syneope (NCS) 7 and postural orthostatie 
taehyeardia syndrome (POTS). Excessive sympathetie aetivity eonditions 
include hypertension (high blood pressure) and taehyeardia 
(abnormally rapid heart rate). 


Multiple system atrophy (MSA) is a neurodegenerative disease 
similar to Parkinson's disease. MSA is a fatal disorder that pro- 
gresses rapidly and typieally affeets people aged 40 and older. It 
is eharaeterized by nerve eell loss # gliosis (astroeyte overgrowth) # 



accumulation of abnormal tubular structures in the eytoplasm and 
nucleus of oligodendroeytes and in the intermediolateral columns 
of the spinal eord. Signs and symptoms include ataxia (loss of fu11 
eontrol of body movements) and autonomic failure. People with 
MSA are usually bedridden within 2 years of diagnosis and die 
within 5-10 years. 

Neurocardiogenic syneope (NCS) is the most eommon dysautono- 
mia. People with NCS have fainting spells. In its mildest form, indi- 
viduals will faint onee or twice in a lifetime. In more severe forms, 
individuals will faint several times per day, often falling. People 
with severe forms of NCS often suffer broken bones and brain 
injury from falling after fainting. 

Postural orthostatie taehyeardia syndrome (POTS) is eharaeterized by 
lightheadedness, fainting, taehyeardia, angina (ehest pain), dyspnea 
(shortness of breath), tremors, exercise intoleranee, and tempera- 
ture sensitivity. It primarily affeets women and signs and symptoms 
are similar to those of eongestive heart failure and ehronie obstruc- 
tive pulmonary disease (COPD). 
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In most organs, long reflexes are most important in regulating viseeral 
aetivities, but this is not the ease with the digestive traet and its assoeiated 
glands. Here, short reflexes provide most of the eontrol and eoordination for 
normal function, and the neurons involved form the enterie nervous system. 
Parasympathetie innervation by viseeral motor neurons ean stimulate and 
eoordinate various digestive aetivities, but the enterie nervous system ean 
eontrol digestive aetivities independent of the eentral nervous system. 


17.4 CONCEPT CHECK 


9 What are viseeral reflexes? 



10 Name three plexuses in the abdominopelvie eavity 


See the blue Ansvvers tab at the baek of the book 



CLINICAL NOTE 


Sexual Dysfunction After Spinal 


Cord lnjury 


Sexual dysfunction is another eoneern after SCI. Men normally 
have two types of ereetions. A psyehogenie ereetion results from 
sexual thoughts or visual stimulation. The brain responds with 
arousal messages through spinal nerves T 10 -L 2 . A reflex ereetion 
is involuntary and results from physieal stimulation of the genital 
region causing afferent signals to travel to the spinal eord via the 
pudendal nerves. 

The parasympathetie nervous system eontrols ereetion by way 
of saeral segments S 2 -S 4 . Most men with an SCI above S 4 are able 
to have a reflex ereetion with physieal stimulation. Medieations ean 
enhanee a reflex ereetion. Ejaculation is eontrolled by the sympa- 
thetie nervous system and is less predietable. In general, ereetions 
are more likely with ineomplete spinal eord injuries than with eom- 
plete injuries. 




Study Outline 


lntroduction p.450 

The aiitonomie nervous system (ANS) regulates body 
temperature and eoordinates cardiovascular, respiratory, digestive, 
excretory, and reproductive functions. Routine physiologieal 
adjustments to systems are made by the autonomic nervous system 
operating at the subconscious level. 


17.1 A eomparison of the Somatie and Aiitonomie 

Nervous Systems p. 450 

The autonomic nervous system, like the somatie nervous system, 
has afferent and efferent neurons. However, in the ANS, the 
afferent pathways originate in viseeral reeeptors, and the efferent 
pathways eonneet to viseeral effeetor organs. 
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In addition to the differenee in reeeptor and effeetor organ loeation, the 
ANS differs f rom the SNS in the arrangement of the neurons eonneeting the 
eentral nervous system to the effeetor organs. Viseeral motor neurons in 
the CNS send axons (preganglionie fibers) to synapse on ganglionie neurons # 
whose eell bodies are loeated in autonomic ganglia outside the CNS. The 
axonofthe ganglionie neuron isa postganglioniefiber that innervates 
peripheral organs. (See Figure 17.1 and Spotiight Figure 17.2.) 

Sympathetìe and Parasympathetie Snbdivisions 
oftheANS p. 450 

There are two major subdivisions in the ANS: the sympathetie division 
and the parasympathetie division. fSee Spotlight Figure 17.2.) 


Collateral Ganglia p. 451 

The abdominopelvie viseera reeeive sympathetie innervation via 
preganglionie fibers that pass through the sympathetie ehain to 
synapse within eollateral ganglia. The preganglionie fibers that 
innervate the eollateral ganglia form the splanehnie nerves 
(greater, lesser f lumbar f and saeral). fSee Spotlight Figure 17.3 and 
Figures 17.4 and 17.9.) 

The splanehnie nerves innervate the hypogastrie plexus and 
three eollateral ganglia: (1) the eeliae ganglion f (2) the superior 
mesenterie ganglion f and (3) the inferior mesenterie ganglion. fSee 
Figures 17.4 and 17.9.) 


Viseeral efferents from the thoraeie and lumbar segments form 
the sympathetie ( thoracolumbar ) division ("fight-or-flight" 
system) of the ANS. Generally f it stirrmlates tissue metabolism f 
inereases alertness f and prepares the body to deal with 
emergeneies. Viseeral efferents leaving the brainstem and saeral 
segments form the parasympathetie ( eraniosaeral ) division 
( ## rest-and-digest ff system). Generally f it eonserves energy and 
promotes sedentary aetivities. fSee Spotlight Figure 17.2.) 

Both divisions affeet target organs via neurotransmitters. Plasma 
membrane reeeptors determine whether the response will be 
stimulatory or inhibitory. Generally f neurotransmitter effeets are as 
follows: (1) All preganglionie terminals release aeetyleholine (ACh) 
and are excitatory; (2) all postganglionie parasympathetie terminals 
release ACh and effeets may be excitatory or inhibitory; and (3) 
most postganglionie sympathetie terminals release norepinephrine 
(NE) and effeets are usually excitatory. 

17.2 The Sympathetie Division p. 450 

The sympathetie division eonsists of preganglionie neurons 
between spinal eord segments T^ and L 2f ganglionie neurons in 
ganglia near the vertebral column f and speeialized neurons within 
the adrenal aland. (See Spotliqht Fiqures 17.2 and 17.3, and Fiqures 
17.1, 17.4, and 17.10.) 

There are two types of sympathetie ganglia: sympathetie ehain 
ganglia and eollateral ganglia (prevertebral ganglia). 

Sympathetie Chain Ganglia p. 450 

Between spinal segments Ti and L 2f eaeh ventral root gives 
off a white ramus communicans with preganglionie fibers to 
a sympathetie ehain ganglion. These preganglionie fibers tend 
to undergo extensive divergenee before they synapse with the 
ganglionie neuron. The synapse occurs within the sympathetie 
ehain ganglia f within one of the eollateral ganglia f or within 
the adrenal medulla. Preganglionie fibers run between the 
sympathetie ehain ganglia and intereonneet them. Postganglionie 
fibers targeting viseeral effeetors in the body wall enter the gray 
ramus communicans to return to the spinal nerve for distribution f 
whereas those that target thoraeie eavity structures form 
autonomic nerves that go direetly to their viseeral destination. (See 
Spotlight Figures 17.2 and 17.3 and Figure 17.4.) 

There are 3 cervical f 11-12 thoracic f 2-5 lumbar f and 4-5 saeral 
ganglia and 1 eoeeygeal sympathetie ganglion in eaeh sympathetie 
ehain. Every spinal nerve has a gray ramus communicans that earries 
sympathetie postganglionie fibers. In summary: (1) Only thoraeie 
and superior lumbar ganglia reeeive preganglionie fibers by way of 
white rami; (2) the cervical f inferior lumbar f and saeral ehain ganglia 
reeeive preganglionie innervation from eollateral fibers of sympathetie 
neurons; and (3) every spinal nerve reeeives a gray ramus communicans 
from a ganglion of the sympathetie ehain. (5ee Figure 17.4.) 


The eeliae ganglion innervates the stomach f duodenum f liver f 
pancreas f spleen f and kidney; the superior mesenterie ganglion 
innervates the small intestine and initial segments of the large 
intestine; and the inferior mesenterie ganglion innervates the 
kidney f bladder f sex organs f and terminal portions of the large 
intestine. (See Figures 17.4 and 17.9.) 

Adrenal Med illa p. 457 

Some preganglionie fibers do not synapse as they pass through 
both the sympathetie ehain and eollateral ganglia. Instead f they 
enter one of the adrenal glands and synapse on modified neurons 
within the adrenal mediilla. These eells release norepinephrine 
(NE) and epinephrine (E) into the circulation f causing a prolonged 
sympathetie stimulation effeet. fSee Spotlight Figure 17.3 and 
Figures 17.4 and 17.5.) 

Effeets of Sympathetie Stimulation p. 457 

ln a crisis f the entire division responds f an event ealled sympathetie 
aetivation. Its effeets include inereased alertness f a feeling of energy 
and euphoria f inereased cardiovascular and respiratory activity f 
general inerease in muscle tone f and mobilization of energy reserves. 

Sympathetie Aetivation and Neurotransmitter 
Release p. 458 

Stirrmlation of the sympathetie division has two distinetive results: 
the release of norepinephrine (or in some eases aeetyleholine) 
at neuroeffector junctions and the seeretion of epinephrine and 
norepinephrine into the general circulation. (See Figure 17.6.) 

Plasma Membrane Reeeptors and Sympathetie 
Function p. 458 

There are two elasses of sympathetie reeeptors that are stirrmlated 
by both norepinephrine and epinephrine: alpha reeeptors and 
beta reeeptors. 

Most postganglionie fibers release norepinephrine, but a few release 
aeetyleholine. Postganglionie fibers innervating sweat glands and 
blood vessels of skeletal muscles release aeetyleholine (ACh). 

A Si mmary of the Sympathetie Division p. 458 

The sympathetie division has the following eharaeteristies: (1) two 
segmentally arranged sympathetie ehains lateral to the vertebral 
column f three eollateral ganglia anterior to the vertebral column f 
and two adrenal medullae; (2) preganglionie fibers are relatively 
short f except for those of the adrenal medullae f while postganglionie 
fibers are quite long; (3) extensive divergenee typieally occurs f with a 
single preganglionie fiber synapsing with many ganglionie neurons in 
different ganglia; (4) all preganglionie fibers release ACh f while most 
postganglionie fibers release NE; and (5) effeetor response depends 
on the nature and aetivity of the reeeptor. (See Table 17.1.) 
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17.3 The Parasympathetie Division p. 459 

The parasympathetie division eonsists of (1) preganglionie neurons 
in the brainstem and in saeral segments of the spinal eord and (2) 
ganglionie neurons in peripheral ganglia loeated within or immediately 
next to target organs. fSee Figures 17.7 and 17.8 and Table 17.1.) 

Organization and Anatomy of the Parasympathetie 
Division p. 459 

Preganglionie fibers leave the brain in eranial nerves III 
(oculomotor) # VII (facial) # IX (glossopharyngeal) # and X (vagus). 
fSee Spotíight Figure 17.2 and Figures 17.7 and 17.8.) 

Parasympathetie fibers in the oculomotor # faeial, and glossopharyngeal 
nerves help eontrol viseeral structures in the head # and they synapse 
in the eiliary, pterygopalatine, siibmandibiilar, and otie ganglia. 

Fibers in the vagus nerve supply preganglionie parasympathetie 
innervation to intramural ganglia within structures in the thoraeie and 
abdominopelvie eavity. (See Figures 17.7 and 17.8.) 

Preganglionie fibers leaving the saeral segments form pelvie 
nerves that innervate intrarrmral ganglia in the kidney # bladder # 
latter parts of the large intestine # and sex organs. fSee Figure 17.8.) 

General Funcfions of the Parasympathetie Division p. 460 

The effeets produced by the parasympathetie division include pupil 
constriction # digestive gland secretion # hormone seeretion for 
nutrient absorption # inereased digestive traet activity # defeeation 
activities # urination activities # respiratory passageway constriction # 
reduced heart rate # and sexual arousal. These general functions 
eenter on relaxation # food processing # and energy absorption. 

Parasympathetie Aetivation and Neurotransmitter 
Release p. 462 

All of the parasympathetie preganglionie and postganglionie 
fibers release ACh at synapses and neuroeffector junctions. The 
effeets are short-lived because of the aetions of enzymes at the 
postsynaptie plasma membrane and in the surrounding tissues. 

Two different types of ACh reeeptors are found in postsynaptie plasma 
membranes. Nieotinie reeeptors are loeated on ganglion eells of both 
divisions of the ANS and at neuromuscular synapses. Exposure to ACh 
causes excitation by opening plasma membrane ehannels. Muscarinic 
reeeptors are loeated at neuroeffector junctions in the parasympathetie 


division and those eholinergie neuroeffector junctions in the sympathetie 
division. Stimulation of muscarinic reeeptors produces a longer-lasting 
effeet than does stimulation of nieotinie reeeptors. 

A Summary of the Parasympathetie Division p. 462 

The parasympathetie division has the following eharaeteristies: 

(1) It includes viseeral motor nuclei assoeiated with eranial nerves 
III, Vll # IX, and X and saeral segments S 2 -S 4 ; (2) ganglionie neurons 
are loeated in terminal or intrarrmral ganglia near or within target 
organs, respeetively; (3) it innervates areas servieed by eranial 
nerves and organs in the thoraeie and abdominopelvie eavities; (4) 
all parasympathetie neurons are eholinergie—the postganglionie 
neurons are also eholinergie and are further subdivided as being 
either rrmsearinie or nieotinie reeeptors; and (5) effeets are usually 
brief and restrieted to speeifie sites. (See Figure 17.10 and Table 17.1.) 

17.4 Relationship betvveen the Sympathetie and 

Parasympathetie Divisions p. 462 

The sympathetie division has widespread influence, reaehing 
viseeral and somatie structures throughout the body. fSee Figure 
17.4 and Table 17.1.) 

The parasympathetie division innervates only viseeral structures 
servieed by eranial nerves or lying within the thoraeie and 
abdominopelvie eavities. Organs with dual innervation reeeive 
instructions from both divisions. (See Figure 17.10 and Table 17.1.) 

Anatomy of Dual Innervation p. 462 

ln body eavities, the parasympathetie and sympathetie nerves 
intermingle to form a series of eharaeteristie nerve plexuses (nerve 
networks), which include the eardiae, pulmonary, esophageal, eeliae, 
inferior mesenterie, and hypogastrie plexuses. (See Figure 17.9.) 

Important anatomieal and physiologieal differenees exist between 
the sympathetie and parasympathetie divisions of the autonomic 
nervous system. (See Figure 17.10 and Table 17.1.) 

Viseeral Reflexes p. 463 

Viseeral reflexes are the simplest functions of the ANS and are elassified 
as either long reflexes or short reflexes. They provide automatic 
motor responses that ean be modified, faeilitated, or inhibited by higher 
eenters, espeeially in the hypothalamus. (5ee Figure 17.11 and Table 17.2.) 


For answers, see the blue Answers tab at the baek of the book. 


Oiapter Revievv 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. preganglionie. . 

2. thoracolumbar.. . 

3. parasympathetie. L_ 

4. prevertebral. L_ 

5. paravertebral. . 

6. aeetyleholine. L_ 

7. epinephrine. . 

8. sympathetie. . 

9. splanehnie. . 

10. erisis. . 


(a) all preganglionie fibers 

(b) preganglionie fibers to eollateral ganglia 

(e) first neuron 

(d) eollateral ganglia 

(e) adrenal medulla 

(f) sympathetie aetivation 

(g) sympathetie division 

(h) terminal ganglia 

(i) sympathetie ehain ganglia 

(j) long postganglionie fiber 

11. Viseeral motor neurons in the CNS 

(a) are ganglionie neurons. 

(b) are in the dorsal root ganglion. 

(e) have unmyelinated axons except in the 
lower thoraeie region. 

(d) send axons to synapse on peripherally 
loeated ganglionie neurons. 


12. Splanehnie nerves 

(a) are formed by parasympathetie 
postganglionie fibers. 

(b) include preganglionie fibers that go to 
eollateral ganglia. 

(e) eontrol sympathetie function of 
structures in the head. 

(d) eonneet one ehain ganglion with 
another. 

13. Which of the following ganglia belong to 

the sympathetie division of the ANS? 

(a) otie ganglion 

(b) sphenopalatine ganglion 

(e) sympathetie ehain ganglia 

(d) all of the above 
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14. Preganglionie fibers of the ANS sympathetie 
division originate in the 

(a) eerebral cortex of the brain. 

(b) medulla oblongata. 

(e) brainstem and saeral spinal eord. 

(d) thoraeie and lumbar spinal segments. 

15. The neurotransmitter at all synapses 
and neuroeffector junctions in the 
parasympathetie division of the ANS is 

(a) epinephrine. 

(b) eyelie AMP. 

(e) norepinephrine. 

(d) aeetyleholine. 

16. The large eells in the adrenal medolla, vvhieh 
resemble neurons in sympathetie ganglia, 

(a) are loeated in the adrenal cortex. 

(b) release aeetyleholine into blood 
eapillaries. 

(e) release epinephrine and norepinephrine 
into blood eapillaries. 

(d) have no endoerine functions. 

17. Sympathetie preganglionie fibers are 
eharaeterized as being 

(a) short in length and unmyelinated. 

(b) short in length and myelinated. 

(e) long in length and myelinated. 

(d) long in length and unmyelinated. 

18. All preganglionie autonomic fibers release 

_at their axon terminals, and the 

effeets are alvvays_. 

(a) norepinephrine; inhibitory 

(b) norepinephrine; excitatory 

(e) aeetyleholine; excitatory 

(d) aeetyleholine; inhibitory 

19. Postganglionie fibers of autonomic neurons 
are usually 

(a) myelinated. 

(b) unmyelinated. 

(e) largerthan preganglionie fibers. 

(d) loeated in the spinal eord. 

20. The vvhite ramus communicans 

(a) earries the postganglionie fibers to the 
effeetor organs. 

(b) arises from the dorsal root of the spinal 
nerves. 


(e) has fibers that do not diverge. 

(d) earries the preganglionie fibers into a 
nearby sympathetie ehain ganglion. 

Level 2 Reviewing Concepts 

1. Cutting the ventral root of the spinal nerve 
at L 2 would interrupt the transmission of 
what type of information? 

(a) voluntary motor output 

(b) ANS motor output 

(e) sensory input 

(d) a and b 

2. Damage to the ventral roots of the first five 
thoraeie spinal nerves on the right side of 
the body would interfere with the ability to 

(a) dilate the right pupil. 

(b) dilate the left pupil. 

(e) eontraet the right bieeps braehii. 

(d) eontraet the left bieeps braehii. 

3. What anatomieal meehanism is involved in 
causing a person to blush? 

(a) Blood flow to the skin is inereased by 
parasympathetie stimulation. 

(b) Sympathetie stimulation relaxes vessel 
walls # inereasing blood flow to the skin. 

(e) Parasympathetie stimulation deereases 
skin muscle tone, allowing blood to pool 
at the surface. 

(d) Sympathetie stimulation inereases 
respiratory oxygen uptake # making the 
blood brighter red. 

4. If the viseeral signal from the small intestine 
does not reaeh the spinal cord # which 
structures might be damaged? 

(a) preganglionie neurons 

(b) white rami eomrrmnieantes 

(e) gray rami communicantes 
(d) none of the above 

5. The effeets of epinephrine and 
norepinephrine released by the adrenal 
glands last longer than those of either 
ehemieal when released at neuroeffector 
junctions. Why? 


6. Why are the effeets of parasympathetie 
stimulation more speeifie and loealized than 
those of the sympathetie division? 

7. How do sympathetie ehain ganglia differ 
from both eollateral ganglia and intramural 
ganglia? 

8. Compare the general effeets of the 
sympathetie and parasympathetie divisions 
of the ANS. 

9. Deseribe the general organization of the 
pathway for viseeral motor output. 

Level 3 Critical Thinking 

1. In some severe cases f a person suffering 
from stomaeh ulcers may need to have 
surgery to cut the branehes of the vagus 
nerve that innervates the stomaeh. How 
would this help the problem? 

2. Kassie is stung on the neek by a wasp. 
Because she is allergie to wasp venom, her 
throat begins to swell and her respiratory 
passages eonstriet. Which would be 
more helpfuI in relieving her symptoms: 
aeetyleholine or epinephrine? Why? 


MasteringA&P’ 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy 
topies 
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CLINICAL CASE | WRAP-UP ] 


First Day of Anatomy Lab 

Tim has suffered a vasovagal ( vaso, vascular 7 + vagal, vagus nerve) 
loss of consciousness # eommonly known as fainting. Environmental 
triggers, including the sight and smell of the eadaver, caused a 
momentary malfunction of his autonomic nervous system (ANS). The 
sympathetie division of his ANS failed him # while his parasympathetie 
division went into overdrive. 

Parasympathetie stimulation of the vagus nerve caused it to release 
ACh at the eardiae plexus. Meanwhile # there was no counteracting 
stimulation from the sympathetie nervous system. This slowed Tim's 
heart rate # made his heart's eontraetions less forceful # and lowered his 
blood pressure. Blood flow to his brain decreased # causing the fainting 
episode. 

Tim's rapid reeovery begins as soon as the sympathetie division of 
the ANS takes over. Norepinephrine is released at the eardiae plexus 
and throughout the body. His heart rate and blood pressure increase # 
along with his level of consciousness. 

"Don't worry # Tim # " says the instructor. "Everybody is allowed one 
fainting episode. And everybody ean overeome this. Next time # just lie 
down before you fall down." 




1. Why does the instructor tell Tim to lie down the next time he feels 
faint? 

2. In addition to the eardiae plexus # where else in the body would the 
sympathetie nervous system aet during Tim's reeovery? 

See the blue Ansvvers tab at the baek of the book. 



Related Ginieal Terms 


parasympathetie bloeking agents: Drugs 
that target the muscarinic reeeptors at 
neuromuscular or neuroglandular junctions. 


sympathetie bloeking agents: Drugs that 
bind to reeeptor sites # preventing a normal 
response to neurotransmitters or drugs 
that mimie the effeets of sympathomimetie 
stimulation. 


470 The Nervous System 


www.ebook3000.com 















































These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 




18.2 


18.3 


Define the terms reeeptor, sensory eoding, 
tonie reeeptor, and phasie reeeptor. p. 472 

Compare and eontrast the four types of 
general sensory reeeptors. p. 473 

Deseribe the anatomy of the olfaetory 
reeeptors and the olfaetory pathvvay 
eonneeting these reeeptors to the eerebral 
cortex. p. 476 








CLI NICAL CAS E 


Why Am I So Dizzy? 



Deseribe the anatomy of the taste reeeptors 
and the pathvvay eonneeting these reeeptors to 
the eerebral cortex. p. 478 

Deseribe the anatomy of the external ear, 
middle ear, and internal ear. p. 480 




Deseribe the anatomy of the eye. p. 491 


John, a young attorney, has alvvays suffered from motion siekness. He never 
liked amusement park rides or even riding in a ear. Reeently, his allergies 
have been aeting up and he has had a "stuffy head." This morning, as he is 
leaving for work, he has a sudden episode of vertigo (spinning sensation) so 
severe he eannot walk, and he falls to the floor. There is a eonstant roaring 
buzz (tinnitus) in his left ear, and it has a sensation of fullness. He feels 
nauseated and realizes he ean't go to work today. 

John has never experienced anything like this before. Frightened, he ealls 
his doetor, who immediately refers him to an otolaryngologist (an ear, nose, 
and throat [ENT] doetor). While waiting for his appointment, he lies down 
and sleeps for over 3 hours. He awakens in time for his ENT appointment, 
but when he stands up, he realizes that his vertigo, tinnitos, and nausea have 
resolved. Now he feels almost silly to be going to the doetor. 


What happened to John? Will it happen again? To find out, turn to the 
dinieal Case Wrap-Up on p. 504. 














EVERY PLASMA MEMBRANE FUNCTIONS as a reeeptor for the eell because it 
responds to ehanges in the extracellular environment. Plasma membranes dif- 
fer in their sensitivities to speeifie eleetrieal, ehemieal, and meehanieal stimuli. 
For example, a hormone that stimulates a neuron may have no effeet on an 
osteoeyte because the plasma membranes of neurons and osteoeytes eontain 
different reeeptor proteins. A sensory reeeptor is a speeialized eell or eell pro- 
eess monitoring eonditions in the body or external environment. Stimulation 
of the reeeptor direetly or indireetly alters the production of aetion potentials in 
a sensory neuron. t) pp. 348-351 

The sensory information arriving at the eentral nervous system (CNS) 
is ealled a sensation; a pereeption is a conscious awareness of a sensation. 
General senses refer to sensations of temperature, pain, touch, pressure, vibra- 
tion, and proprioeeption (body position). General sensory reeeptors are distrib- 
uted throughout the body. These sensations arrive at the primary somatosensory 
cortex by pathways we deseribed previously. 

The speeial senses are smell, taste, equilibrium (balanee), hearing, and 
vision. The speeialized reeeptors providing these sensations are structurally 
more complex than those of the general senses. These reeeptors are loealized 
within complex sense organs, such as the eye or ear. The information is then 
transmitted to eenters throughout the brain. 

Sensory reeeptors keep the nervous system updated on ehanges in the body’s 
internal environment and the surrounding external environment. The nervous 
system eontrols and eoordinates the body’s swift responses to speeifie stimuli. This 

I ehapter begins by summarizing reeeptor function and basie eoneepts in sensory pro- 
eessing. We then apply this information to eaeh of the general and speeial senses. 

18.1 Reeeptors 

► KEY POINT Eaeh reeeptor has a speeifie sensitivity. This speeifieity results from 
the anatomy of the reeeptor or from the presenee of aeeessory eells or structures 
that minimize its exposure to other stimuli. 

The simplest reeeptors in the human body are the dendrites of sensory neurons, 
ealled free nerve endings. They ean be stimulated by many different stimuli. 
For example, free nerve endings providing the sensation of pain may respond 
to ehemieal stimulation, pressure, temperature ehanges, or physieal damage. 
In eontrast, the reeeptors of the eye are surrounded by aeeessory eells that nor- 
mally prevent their stimulation by anything other than light. This eharaeteristie 
reeeptor sensitivity is termed reeeptor speeifieity. 

The area monitored by a single reeeptor eell is its reeeptive field gure 18.1 . 
Whenever a sufficiently strong stimulus arrives in the reeeptive field, the CNS 
reeeives the information. Our ability to loealize a stimulus depends on the size 


Figiire 18.1 Reeeptors and Reeeptive Fields. Eaeh reeeptor monitors a 
speeifie area knovvn as the reeeptive field. 


Reeeptive 
field 1 


Reeeptive 
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Free nerve 
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of the reeeptive field: The larger the reeeptive field, the harder it is to loealize the 
stimulus. For example, a touch reeeptor on your baek may have a reeeptive field 
7 em (2.5 in.) in diameter, while a reeeptor on your tongue may have a reeep- 
tive field less than a millimeter in diameter. As a result, we ean deseribe a light 
touch on the baek only generally, but we ean be very preeise about the loeation 
of a stimulus on the tongue. 

An arriving stimulus ean take many different forms—it may be a physi- 
eal foree, such as pressure, a dissolved ehemieal, a sound, or a beam of light. 
Regardless of the nature of the stimulus, sensory information is sent to the 
CNS as an aetion potential, which is an eleetrieal event. The CNS proeesses and 
interprets the ineoming information at the conscious and subconscious levels. 

Interpretation of Sensory Information 

► KEY POINT Speeifie reeeptors deteet sensory information and transmit it to 
the spinal eord or brainstem. There, speeifie traets, organized to earry speeifie sen- 
sations, earry this information to speeialized areas of the brain, vvhere the infor- 
mation is interpreted. 

Sensory information arriving at the CNS is transmitted up the spinal eord 
and into the brain aeeording to (1) the loeation where the sensory infor- 
mation was deteeted and (2) the nature of the stimulus that was deteeted. 
Axons relay information from point A (the reeeptor) to point B in the CNS 
(a neuron at a speeifie site in the eerebral cortex) along the sensory path- 
ways discussed in ehapter 15. Eaeh pathway earries information for a speeifie 
sensation, such as touch, pressure, or vision, from reeeptors in a speeifie part 
of the body. All other eharaeteristies of the stimulus are determined by the 
pattern of the aetion potentials in the afferent fibers. This sensory eoding 
provides information about the strength, duration, variation, and movement 
of the stimulus. 

Tonie reeeptors are sensory neurons that are always aetive. The photo- 
reeeptors of the eye and reeeptors monitoring body position are two exam- 
ples of tonie reeeptors. Other reeeptors are normally inaetive, but beeome 
aetive for a short time whenever there is a ehange in the eonditions they 
are monitoring. These phasie reeeptors provide information on the inten- 
sity and rate of ehange of a stimulus. Touch and pressure reeeptors in the 
skin are examples of phasie reeeptors. Some reeeptors eombine phasie and 
tonie eoding. Such reeeptors eonvey extremely eomplieated sensory infor- 
mation; reeeptors monitoring the positions and movements of joints are in 
this eategory. 

Central Proeessing and Adaptation 

► KEY POINT As you slip your hand into a bucket of hot vvater, you are imme- 
diately avvare of the vvater's temperature. Hovvever, if you keep your hand in the 
bucket, you beeome less and less avvare of the vvater's temperature, even though 
the temperature hasn't ehanged much, if at all. This proeess is ealled adaptation. 

Adaptation is a reduction in sensitivity in the presenee of a eonstant stimulus. 
Adaptation occurs in the peripheral and eentral nervous systems, where it is 
ealled, respeetively, peripheral and eentral adaptation. 

■ When a reeeptor or sensory neuron alters its level of aetivity, peripheral 
(sensory) adaptation occurs. The reeeptor responds strongly at first, but 
then the aetivity along the afferent fiber gradually deelines because of 
synaptie fatigue. This response is eharaeteristie of phasie reeeptors, which 
are also ealled fast-adapting reeeptors. Tonie reeeptors show little or no 
peripheral adaptation, so they are ealled slow-adapting reeeptors. 

■ A few seeonds after exposure to a new smell, conscious awareness of the 
stimulus virtually disappears, although the sensory neurons within the 
nose are still quite aetive. This is eentral adaptation, a proeess involving 
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nuclei along the sensory pathways within the CNS. At the subconscious 
level, eentral adaptation restriets the amoimt of information arriving at 
the eerebral cortex. As we discussed in ehapter 15, most of the ineom- 
ing sensory information is proeessed in eenters along the spinal eord or 
brainstem. This proeessing triggers involuntary reflexes. Because of eentral 
adaptation, only about 1 pereent of the information traveling over afferent 
fibers reaehes the eerebral cortex and our conscious awareness. 

Sensory Limitations 

Sensory reeeptors provide a eonstant detailed picture of our bodies and our sur- 
roundings. This picture is, however, ineomplete for several reasons: 

■ Humans do not have reeeptors for every possible stimulus. 

■ Our reeeptors have eharaeteristie ranges of sensitivity. 

■ The CNS must interpret a stimulus. Our pereeption of a particular stimu- 
lus is interpretation and not always reality. 

18.1 CONCEPT CHECK 

1 What different types of stimiili may aetivate free 
nerve endings? 

2 Contrast tonie and phasie reeeptors. 

3 What is a sensation? 

4 Which sensations are grouped as "general senses"? 

See the blue Ansvvers tab at the baek of the book. 


Noeieeptors 

► KEY POINT Noeieeptors (pain reeeptors) are free nerve endings with large 
reeeptive fields. They are eommon in the skin, joint capsules, and periostea of 
bones and around the walls of blood vessels. Very few noeieeptors are found in 
other deep tissues or in most organs of the abdominopelvie eavities. 

There are three types of noeieeptors: (1) reeeptors sensitive to extreme tem- 
perature, (2) reeeptors sensitive to physieal damage, and (3) reeeptors sensi- 
tive to dissolved ehemieals, such as those released by injured eells. However, 
very strong temperature, pressure, and/or ehemieal stimuli will excite all three 
reeeptor types. 

Sensations of fast pain, or prieking pain, are produced by deep cuts or sim- 
ilar injuries. Painful sensations eease only after tissue damage has ended. How- 
ever, eentral adaptation may reduce pain pereeption while the pain reeeptors are 
still stimulated. 

Slow pain (burning pain) sensations result from the same types of injuries 
as fast pain. However, sensations of slow pain begin later and persist longer. 
For example, a cut on the hand produces an immediate awareness of fast pain, 
followed somewhat later by the aehe of slow pain. Slow pain sensations aetivate 
the reticular formation and thalamus. You beeome aware of the pain but only 
have a general idea of the area affeeted. 

Pain sensations from viseeral organs reaeh the spinal eord through vis- 
eeral sensory nerves. These nerves enter the spinal eord through the dorsal roots 
of spinal nerves. Viseeral pain sensations are pereeived as originating in more 
superficial regions that are innervated by these same spinal nerves. The preeise 
meehanism responsible for this referred pain remains to be determined, but 
several elinieal examples are shown in |ure 18.2 . 



18.2 The General Senses 

► KEY POINT Reeeptors for the general senses are seattered throughout the 
body and are simple in structure. 

General sensory reeeptors are divided into three elasses: exteroceptors, proprio- 
eeptors, and interoeeptors. Exteroceptors provide information about the exter- 
nal environment; proprioeeptors monitor body position; and interoeeptors 
monitor eonditions inside the body. 

A more detailed elassifieation system using the nature of the stimulus 
deteeted divides general sensory reeeptors into four elasses: 

o Noeieeptors (no-se-SEP-torz; noeeo, hurt) respond to a variety of stimuli 
assoeiated with tissue damage. Aetivation of these reeeptors causes the sen- 
sation of pain. 

o Thermoreeeptors respond to ehanges in temperature. 

o Meehanoreeeptors are stimulated or inhibited by physieal distortion, 
eontaet, or pressure on their plasma membranes. 

o Chemoreceptors monitor the ehemieal eomposition of body fluids and 
respond to the presenee of speeifie molecules. 

Eaeh reeeptor elass has distinet structural and functional eharaeteristies. 
Some meehanoreeeptors are identified by the name of the person who first 
diseovered or named them. Such terms are ealled eponyms (eommemorative 
names). Anatomists have proposed more standardized names to replaee the 
eponyms, but no standardization or consensus exists. More importantly, none 
of the alternative names have been widely aeeepted in the primary literature 
(professional, teehnieal, or elinieal journals or reports). To avoid confusion, 
we will use eponyms in this ehapter whenever there is no generally aeeepted 
alternative. 


Figure 18.2 Referred Pain. Pain sensations originating in viseeral organs 
are often pereeived as involving speeifie regions of the body surface 
innervated by the same spinal nerves. 
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Thermoreeeptors 

► KEY POINT Thermoreeeptors deteet ehanges in temperature. There are two 
elasses: eold and warm, and they are found in the dermis of the skin, skeletal 
muscles, the liver, and the hypothalamus. 

There are two types of thermoreeeptors: eold and warm. Cold reeeptors are 
three or four times more numerous than warm reeeptors. The reeeptors are free 
nerve endings that deteet ehanges in temperature. There are no known struc- 
tural differenees between eold and warm thermoreeeptors. 

Temperature sensations are conducted in the spinothalamie traets—the 
same pathways earrying pain sensations. Temperature sensations are sent 
to the reticular formation, the thalamus, and the primary somatosensory 
cortex. 

Thermoreeeptors are phasie reeeptors. They are very aetive when the tem- 
perature is ehanging, but quickly adapt to a stable temperature. When you enter 
an air-eonditioned elassroom on a hot summer day, the temperature ehange 
seems extreme at first, but you quickly beeome eomfortable as adaptation 
occurs. 

Meehanoreeeptors 

► KEY POINT Meehanoreeeptors are sensitive to stimuli that streteh, eompress, 
twist, or distort their eell membranes. There are three elasses: taetile reeeptors, 

I baroreeeptors, and proprioeeptors. 

There are three elasses of meehanoreeeptors: (1) taetile reeeptors deteet sen- 
sations of touch, pressure, and vibration; (2) baroreeeptors (bar-ò-rè-SEP-torz; 
baro-, pressure) deteet pressure ehanges in the walls of blood vessels and in 
portions of the digestive, reproductive, and urinary traets; and (3) proprioeep- 
tors deteet the positions of joints and skeletal muscles and are the most eom- 
plex of the general sensory reeeptors. 

Taetile Reeeptors 

The anatomy of taetile reeeptors ranges from free nerve endings to speeialized 
sensory complexes with aeeessory eells and supporting structures Figure 18.3). 
Some taetile reeeptors, such as fine touch and pressure reeeptors, provide 
detailed information about exact loeation, shape, size, texture, and move- 
ment of the stimulation. These reeeptors are extremely sensitive and have 
small reeeptive fields. In eontrast, other reeeptors, such as crude touch and 
pressure reeeptors, provide poor loealization and little additional information 
about the stimulus. Taetile reeeptors are subdivided into two groups: unencap- 
sulated reeeptors and encapsulated reeeptors. 

Unencapsulated Reeeptors Free nerve endings are eommon in the 
papillary layer of the dermis ígure 18.3a . Free nerve endings are also asso- 
eiated with hair follieles. The free nerve endings of the root hair plexus deteet 
distortions and movements aeross the body surface igure 18.3b). When the 
hair is moved, the movement of the folliele distorts the sensory dendrites and 
produces aetion potentials in the afferent fiber. These reeeptors adapt rapidly, 


so they deteet initial eontaet and subsequent movements. In sensitive areas, 
the dendritie branehes penetrate the epidermis and eontaet Merkel eells in 
the stratum basale of the skin Figure 18.3c). Eaeh Merkel eell communi- 
eates with a sensory neuron aeross a vesicular synapse that has an expanded 
nerve terminal known as a taetile dise. Merkel eells are sensitive to fine touch 
and pressure. They are tonieally aetive, are extremely sensitive, and have narrow 
reeeptive fields. 

Encapsulated Reeeptors Large, oval taetile corpuscles (Meissner's 
eorpiiseles ) are found where the sense of touch is well developed, such as at 
the eyelids, lips, fingertips, nipples, and external genitalia Figure 18.3d'. 
The dendrites are highly eoiled and are surrounded by modified Schwann 
eells. A fibrous capsule surrounds the entire complex and anehors it to the 
dermis of the skin. Taetile corpuscles deteet light touch, movement, and 
vibration. They are phasie reeeptors and adapt to stimulation within a seeond 
after eontaet. 

Bulbous corpuscles (Ruffini eorpiiseles) are loeated in the dermis and are 
sensitive to pressure and distortion of the skin. They are tonieally aetive and 
show little or no adaptation. The capsule surrounds a eore of eollagen fibers 
that are continuous with those of the surrounding dermis. Dendrites within 
the capsule are interwoven around the eollagen fibers ggure 18.3e'. Any 
tension or distortion of the dermis tugs or twists the fibers within the capsule, 
and this ehange stretehes or eompresses the dendrites and alters the aetivity in 
the myelinated afferent fiber. 

Lamellar corpuscles (Paeinian eorpiiseles ) are large encapsulated reeep- 
tors (Figure 18.3f). The dendritie proeess lies within a series of eoneentrie eel- 
lular layers. These layers shield the dendrite from sources of stimulation other 
than direet pressure. Lamellar corpuscles are most sensitive to pulsing or vibrat- 
ing stimuli, but they also respond to deep pressure. Although both lamellar 
corpuscles and bulbous corpuscles respond to pressure, the lamellar corpuscles 
adapt rapidly while the bulbous corpuscles do not undergo adaptation. These 
reeeptors are seattered throughout the dermis of the entire body, but they are 
most eommon in the dermis of the fingers, breasts, and external genitalia. They 
are also loeated in the superficial and deep faseiae, mesenteries and the perios- 
tea surrounding bones, joint capsules, the panereas, and the walls of the ure- 
thra and urinary bladder. 

Table 18.1 summarizes the functions and eharaeteristies of these six tae- 
tile reeeptors. Taetile sensations are transmitted to the CNS in the posterior 
columns and spinothalamie traets. 

Baroreeeptors 

Baroreeeptors are streteh reeeptors that monitor ehanges in the streteh of 
organ walls and, therefore, the pressure within that organ gure 18.4). Eaeh 
reeeptor eonsists of free nerve endings that braneh within the elastie tissues in 
the walls of distensible organs, such as a blood vessel, or portions of the respira- 
tory, digestive, or urinary traets. When the pressure ehanges, the elastie walls of 
these blood vessels or organs streteh or reeoil. This movement distorts the den- 
dritie branehes and alters the rate of aetion potential generation. Baroreeeptors 
respond immediately to a ehange in pressure. 


Table 18.1 


Touch and Pressure Reeeptors 


Sensation 

Reeeptor 

Responds to 

Fine touch 

Free nerve ending 

Light eontaet with skin 

Taetile dise 

Light eontaet with skin 

Root hair plexus 

Initial eontaet with hair shaft 

Pressure and vibration 

Taetile corpuscle 

Initial eontaet and low-frequency vibrations 

Lamellar corpuscle 

Initial eontaet (deep) and high-frequency vibrations 

Deep pressure 

Bulbous corpuscle 

Stretehing and distortion of the dermis 
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Figure 18.3 Taetile Reeeptors in the Skin. The loeation and general histologieal appearanee of 
six important taetile reeeptors. 
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Proprioeeptors 

Proprioeeptors monitor the position of joints, the tension in tendons and liga- 
ments, and the extent of muscular eontraetion. Generally, proprioeeptors do not 
adapt to eonstant stimulation. Muscle spindles are proprioeeptors monitoring 
the length of skeletal muscles. Golgi tendon organs monitor the tension in 


tendons during muscle eontraetion. Joint capsules are riehly supplied with free 
nerve endings that monitor tension, pressure, and movement at the joint. Your 
sense of body position results from the integration of information from these 
proprioeeptors with sensory information from the internal ear. 

ehemoreeeptors 


Figure 18.4 Baroreeeptors and the Regulation of Autonomic Functions. 

Baroreeeptors provide information essential to the regulation of autonomic 
aetivities, including respiration, digestion, urination, and defeeation. 
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Chemoreceptors are speeialized neurons that deteet ehanges in the eoneen- 
tration of speeifie ehemieals or compounds. Chemoreceptors respond only to 
water-soluble and lipid-soluble substances dissolved in body fluids. igure 18.5 
shows the loeations and functions of important ehemoreeeptors. 



CONCEPT CHECK 

5 When the noeieeptors in your hand are stimulated, 
vvhat sensation do you pereeive? 

6 What would happen to an individual if the 
information from proprioeeptors in the lower limbs 
were bloeked from reaehing the CNS? 

7 What are the three elasses of meehanoreeeptors? 


5ee the blue Ansvvers tab at the baek of the book. 


18.3 Olfaetion (Smell) 

► KEY POINT The two olfaetory organs—loeated in the nasal eavity on either 
side of the nasal septum—eontain olfaetory reeeptors that give us our sense of 
olfaetion (smell). 

Our paired olfaetory organs give us our speeial sense of olfaetion, or smell 
lgure 18.6 . The olfaetory organs eonsist of the following: 

■ A speeialized olfaetory epithelium eontaining bipolar olfaetory 
sensory neurons, supporting eells, and basal epithelial eells (stem eells). 


Figure 18.5 Chemoreceptors. ehemoreeeptors are found both ínside the CNS, on the ventrolateral 
surfaces of the medulla oblongata, and in the aortie and earotid bodies. These reeeptors are involved 
in the autonomic regulation of respiratory and cardiovascular function. The mierograph shows the 
histologieal appearanee of the ehemoreeeptive neurons in the earotid body. 
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■ A layer of loose eonneetive tissue, the lamina propria, loeated deep to 
the olfaetory epithelium. The lamina propria eontains (1) olfaetory 
glands (Bowmarís glands), which produce a thiek, pigmented mucus, 
(2) blood vessels, and (3) nerves. 

The olfaetory epithelmm eovers the inferior surface of the eribriform plate 
and the superior portions of the nasal septum and superior nasal eonehae 
of the ethmoid. pp. 149-150 VVhen air enters through the nose, the nasal 
eonehae produce turbulent airflow. This brings airborne compounds into eon- 
taet with the mucus produced by the olfaetory glands. Onee compounds have 
reaehed the olfaetory mucus, water-soluble and lipid-soluble materials nrnst 
diffuse into the mucus before they ean stimulate the olfaetory sensory neurons. 

Olfaetory Sensory Neiirons 

► KEY POINT Olfaetory sensory neurons are speeialized nerve eells of the olfae- 
tory nerve. 

Olfaetory sensory neurons are highly modified nerve eells. The dendritie portion of 
eaeh olfaetory sensory neuron forms a prominent bulb that projeets beyond the epi- 
thelial surface and into the nasal eavity gure 18.6b . That projeetion serves as a 
base for approximately 20 eilia that extend into the surrounding mucus, exposing 
them to ehemieal compounds that have dissolved into the mucus. Olfaetory reeep- 
tion occurs on the surface of these olfaetory eilia. When the odorous substance binds 
to its reeeptor on the cilium, the reeeptor membrane depolarizes. This depolarization 
triggers an aetion potential in the axon of the olfaetory reeeptor. Approximately 10 
to 20 million olfaetory sensory neurons are paeked into an area of roughly 5 em 2 . 

Olfaetory Pathways 

► KEY POINT The olfaetory pathvvay is a two-neuron pathway. Olfaetory sen- 
sations are the only sensations that travel direetly to the eerebral cortex without 
synapsing in the thalamus first. 


The olfaetory system is very sensitive. As few as four molecules of an odor- 
producing substance ean aetivate an olfaetory sensory neuron. However, the 
aetivation of an afferent fiber does not guarantee conscious awareness of the 
substance. Considerable eonvergenee occurs along the olfaetory pathway, and 
inhibition at one or more synapses ean prevent an olfaetory sensation from 
reaehing the olfaetory cortex. 

The olfaetory pathway is a two-neuron system. The first-order neuron is 
eomposed of axons leaving the olfaetory epithelium, forming the first eranial 
nerve (I). These axons form 20 or more bundles that penetrate the eribriform 
plate of the ethmoid bone. 

The first-order neuron synapses with the seeond-order neurons within the 
olfaetory bulbs gure 18.6b' . The axons of the seeond-order neurons travel 
within the olfaetory traet to reaeh the olfaetory cortex, the hypothalamus, and 
portions of the limbie system. 

Olfaetory stimulation reaehes the eerebral cortex direetly. Certain smells 
trigger profound emotional and behavioral responses, such as memories, 
because olfaetory information is also distributed to the limbie system and 
hypothalamus. 

Olfaetory Diserimination 

► KEY POINT Sensory information is proeessed extensively within the olfaetory 
bulb, and this is thought to be the first step in olfaetory diserimination. Llnlike 
other neurons, olfaetory sensory neurons continuously regenerate throughout life. 

The olfaetory system ean deteet subtle differenees between thousands of ehem- 
ieal stimuli. We know that there are upward of 50 different “primary smells. ,, 
No apparent structural differenees exist among the olfaetory sensory neurons, 
but the epithelium as a whole eontains neurons with distinetly different sen- 
sitivities. The CNS interprets the smell on the basis of the overall pattern of 
reeeptor aetivity. The proeessing of olfaetory sensory input occurs at several 
loeations within the CNS, with most of the proeessing occurring within the 
olfaetory cortex. 


Figure 18.6 The Olfaetory Organs 
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Olfaetory sensory neurons have a life span of 4 to 6 weeks. Despite the 
continual replaeement the total number of olfaetory sensory neurons deelines 
with age, and those that remain beeome less sensitive. As a result, elderly people 
have difficulty deteeting odors in low eoneentrations. This deeline in sensory 
neurons explains why Grandpa’s aftershave smells so strong: He must apply 
more to be able to smell it. 



CONCEPT CHECK 

8 You and your roommate are studying for an 
anatomy exam. He insists that the olfaetory pathvvay 
must pass through the thalamus because he is avvare 
of the aroma of the hot eoffee in his eoffee cup. Is 
your roommate eorreet or ineorreet? Explain. 


5ee the blue Ansvvers tab at the baek of the book. 


18.4 Giistation (Taste) 

► KEY POINT Our speeial sense of gustation (taste) eombines reeognition and 
response to a diverse array of compounds. In adults, the taste buds eontain the 
main gustatory epithelial eells. 

Gustation, or taste, provides information about the foods and liquids we eat 
and drink. Gustatory epithelial eells, or taste reeeptors are found in taste 
buds that are distributed over the tongue surface and adjaeent portions of the 
pharynx and larynx gure 18.7a . These eells are stimulated by dissolved 
food molecules. This stimulation leads to aetion potentials that are sent to the 
gustatory cortex for interpretation. 

The tongue surface has numerous epithelial projeetions ealled lingual papillae 
(pa-PIL-é; papilla, nipple-shaped mound). The four types of lingual papillae are 
the filiform (filiim, thread) papillae, fungiform (fungus, mushroom) papillae, 
vallate (VAL-át) papillae, and foliate (FÒ-lè-àt) papillae. There are regional 
differenees in the distribution of the papillae gure 18.7a,b). 


Figure 18.7 Gustatory Reeeption 
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Giistatory Epithelial Cells (Taste Reeeptors) 

► KEY POINT Taste buds eontain sensory structures ealled gustatory epithelial 
eells. Dissolved ehemieals stimulate these gustatory eells, triggering aetion poten- 
tials in the afferent sensory fiber. 

Eaeh taste bud eontains about 40-100 gustatory epithelial eells, speeialized 
epithelial eells, and many small stem eells ealled basal eells. The basal eells 
continually divide to produce daughter eells that mature in three stages: basal, 
transitional, and mature. The mature eells of the last stage are the gustatory 
epithelial eells gure 18.7c). 

Eaeh gustatory eell extends mierovilli, sometimes ealled taste hairs, into 
the surrounding fluids through a narrow opening, the taste pore. A gustatory 
epithelial eell lives only 10-12 days before it is replaeed. 

Gustatory Pathways 

► KEY POINT The gustatory pathvvay is a three-neuron pathvvay, with syn- 
apses in the medulla, thalamus, and eerebral cortex. The sensory input of taste is 
unique in that afferent information is earried over three different eranial nerves. 

Gustatory information is earried by eranial nerves VII (faeial), IX (glossopha- 
ryngeal), and X (vagus) gure 18.8). The faeial nerve innervates all the taste 
buds loeated on the anterior two-thirds of the tongue, from the tip to the line 
of the vallate papillae. The glossopharyngeal nerve innervates the vallate papil- 
lae and the posterior one-third of the tongue. The vagus nerve innervates taste 
buds seattered on the surface of the epiglottis. 

The sensory afferent fibers earried by these eranial nerves synapse in the 
solitary nucleus of the medulla oblongata. The axons of the postsynaptie neu- 
rons then enter the medial lemniscus. There, the neurons join axons that earry 
somatie sensory information on touch, pressure, and proprioeeption. After 
another synapse in the thalamus, the information is sent to the appropriate 
portions of the gustatory cortex of the insula. 

You have a conscious pereeption of taste as the brain eorrelates informa- 
tion reeeived from the taste buds with other sensory data. Information about 
the texture of food, along with taste-related sensations such as << peppery, ,> 
eomes from sensory afferent fibers in the trigeminal eranial nerve (V). 

Gustatory Diserimination 

► KEY POINT There is no universal elassifieation system for taste sensations. 
Taste sensations may include sweet, salty, sour, bitter, umami, and water. 

There are thought to be four primary taste sensations: sweet, salty, sour, and 
bitter. Although these do indeed represent distinet pereeptions that are gener- 
ally agreed on, they do not fully deseribe the range of tastes we experience. For 
example, in deseribing a particular taste, people may use very different terms, 
such as fatty, starehy, metallie, pungent, or astringent. In addition, other cul- 
tures eonsider different tastes to be << primary. ,> Two additional tastes have been 
deteeted in humans: 

■ Umami (oo-MAH-mé) is a pleasant taste imparted by the amino aeid glu- 
tamate. The distribution of umami reeeptors is not known in detail, but 
they are present in taste buds of the vallate papillae. 

■ Water is deseribed as flavorless by most people. However, researeh on humans 
and other vertebrates has demonstrated the presenee of water reeeptors, 
espeeially in the pharynx. Their sensory output is proeessed in the hypothala- 
mus and affeets several systems that affeet water balanee and blood pressure. 

One of the limiting faetors in studying gustatory reeeption is that it is 
very difficult to quantify tastes seientifieally. Gustatory eells providing eaeh 
of the primary sensations have been identified, and their plasma membrane 


eharaeteristies and permeabilities differ. How a relatively small number of 
reeeptor types provides such a rieh and diverse sensory experience remains to 
be determined. 

The threshold for neuron stimulation varies for eaeh of the primary taste 
sensations. In addition, taste reeeptors respond more readily to unpleasant 
than to pleasant stimuli. For example, we are almost a thousand times more 
sensitive to aeids, which give a sour taste, than to either sweet or salty ehem- 
ieals, and we are a hundred times more sensitive to bitter compounds than to 
aeids. This sensitivity has survival value, because aeids damage the mucous 
membranes of the mouth and pharynx, and many dangerous biologieal toxins 
taste bitter. 

Our tasting abilities ehange with age. We begin life with more than 10,000 
taste buds, but the number deelines dramatieally starting around age 50. The 
sensory loss beeomes espeeially signifieant as aging individuals experience a 
deeline in the number of olfaetory sensory neurons. As a result, many elderly 
people eomplain that their food tastes bland and unappetizing, whereas ehil- 
dren often find the same foods too spiey. 


Figure 18.8 Gustatory Pathways. Three eranial nerves (VII, IX, and X) 
earry gustatory information to the gustatory cortex of the cerebrum. 
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CONCEPT CHECK 

9 Why does food taste bland when you have a eold? 

10 Where are taste reeeptors loeated? 

11 List the four types of lingual papillae. 


5ee the blue Ansvvers tab at the baek of the book. 


18.5 Equilibrium and Hearing 

► KEY POINT The ear is assoeiated with the deteetion of two speeial senses: 
equilibrium and hearing. 

The ear is divided into three anatomieal regions: the external ear, the middle 
ear, and the internal ear igure 18.9). The external ear is the visible portion 
of the ear, and it eolleets and direets sound waves to the eardmm. The mid- 
dle ear is a ehamber loeated within the petrous portion of the temporal bone. 
Structures within the middle ear amplify sound waves and transmit them to an 
appropriate portion of the internal ear. The internal ear eontains the sensory 
organs for equilibrium (balanee) and hearing. 

The External Ear 

► KEY POINT The external ear direets sound into the external acoustic meatus 
and proteets the delieate tympanie membrane. 


The external ear includes the outer fleshy auricle, which surrounds a passage- 
way ealled the external acoustic meatus. The auricle proteets the opening 
passageway and provides direetional sensitivity to the ear by direeting sound 
inward to the tympanie membrane ( eardrum ). The tympanie membrane is a 
thin, semitransparent eonneetive tissue sheet separating the external ear from 
the middle ear ures 18.9 and 18.10 . 

The tympanie membrane is very delieate. The auricle and the narrow exter- 
nal acoustic meatus proteet the tympanie membrane from injury. In addition, 
numerous small, outwardly projeeting hairs and modified sweat glands ealled 
ceruminous glands line the external acoustic meatus. The hairs trap debris 
and provide taetile sensitivity through their root hair plexuses. The waxy seere- 
tion of the ceruminous glands, ealled cerumen, slows the growth of mieroor- 
ganisms and reduces the ehanees of infeetion. 

The Middle Ear 

► KEY POINT The middle ear eonsists of the tympanie eavity, which eontains 
the aiiditory ossieles. The middle ear eonneets the tympanie membrane with the 
reeeptor complex of the internal ear. 

The middle ear eontains an air-filled spaee ealled the tympanie eavity, in 
which the auditory ossieles are loeated. gure 18.10] . The tympanie eav- 
ity also communicates with the nasopharynx through the auditory tube and 
with the mastoid air eells through a number of small and variable eonneetions. 
The auditory tube (also ealled the pharyngotympanie tube or Eustachian tube) 
is approximately 4.0 em long and penetrates the petrous part of the temporal 
bone. The eonneetion to the tympanie eavity is narrow and supported by elastie 
eartilage. The opening into the nasopharynx is broad and funnel-shaped. 


Figure 18.9 Anatomy of the Ear. A general orientation to the external, middle, and ínternal ear. 
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Figure 18.10 The Middle Ear 
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The auditory tube helps equalize the pressure in the middle ear with 
external, atmospherie pressure. Pressure must be equal on both sides of the 
tympanie membrane or there will be a painful distortion of the membrane. 
Unfortunately, the auditory tube also allows mieroorganisms to travel from 
the nasopharynx into the middle ear. Invasion of mieroorganisms ean lead 
to a middle ear infeetion known as otitis media. Such infeetions are eommon 
in ehildren because their auditory tubes are short and broad as eompared to 
those of adults. 

The Auditory Ossides 

Three tiny ear bones, the auditory ossieles, are loeated within the tympanie 
eavity. These bones, the smallest bones in the body, eonneet the tympanie 
membrane with the reeeptor complex of the internal ear gure 18.10 . 
They are eonneeted by synovial joints and aet as levers, transferring sound 
vibrations from the tympanie membrane to a fluid-filled ehamber within the 
internal ear. 

The three auditory ossieles are the malleus, incus, and stapes. The lateral 
surface of the malleus ( malleus , hammer) attaehes to the interior surface of 
the tympanie membrane at three points. The middle bone, the incus ( incus, 
anvil), eonneets the medial surface of the malleus to the stapes (STÀ-pèz; 
stapes, stirmp). The base, or footplate, of the stapes almost eompletely fills 
the oval window, a hole in the bony wall of the middle ear eavity. An annular 
ligament extends between the base of the stapes and the bony margins of the 

I oval window. 

Vibration of the tympanie membrane eonverts arriving sound waves into 
meehanieal movements. These movements vibrate the malleus; the malleus 
vibrates the incus; the incus vibrates the stapes. The movement of the stapes 
causes vibrations in the fluid eontents of the internal ear. Because of the align- 
ment of the synovial joints eonneeting these three bones, an in-out movement 
of the tympanie membrane produces a forceful roeking motion at the stapes, 
amplifying the movement of the tympanie membrane. 

We ean hear very faint sounds because of this amplifieation. But this 
degree of magnifieation is also a problem when we are exposed to very 
loud noises. Two small muscles inside the tympanie eavity proteet the ear- 
drum and ossieles from violent movements under very noisy eonditions 
(Figure 18.10b,d): 

o The tensor tympani (TEN-sor tim-PAN-e) is a short muscle originating 
on the petrous part of the temporal bone. It inserts on the “handle” of the 
malleus. When the tensor tympani eontraets, the malleus is pulled medi- 
ally, stiffening the tympanie membrane. This inereased stiffness reduces the 
amount of possible movement. The tensor tympani is innervated by motor 
fibers of the mandibular division of the trigeminal nerve (V). 

o The stapedhis (sta-PE-de-us) is innervated by the faeial nerve (VII). The 
stapedius originates from the posterior wall of the tympanie eavity and 
inserts onto the stapes. Contraction of the stapedius pulls the stapes, 
reducing movement of the stapes at the oval window. 


The Internal Ear 

► KEY POINT The internal ear eontains two labyrinths, one within the other. 
The membranoiis labyrinth lies within the osseous labyrinth and eontains the sen- 
sory reeeptors for equilibrium and hearing. 

The sensory reeeptors for equilibrium and hearing are loeated within the internal 
ear ures 18.9 and 18.1 . These reeeptors are found within a eolleetion 

of fluid-filled tubes and ehambers known as the membranoiis labyrinth 
(labyrinthos , network of eanals). The membranous labyrinth is filled with a 
fluid ealled endolymph (EN-dò-limf). The sensory reeeptors of the internal 


Figure 18.1 Structural Relationships of the Internal Ear. Flowchart 
showing internal ear structures and spaees, their eontained fIuids, and 
what stimulates these reeeptors. 
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ear function only when exposed to the unique ionie eomposition of the endo- 
lymph. (Endolymph has a relatively high potassium ion eoneentration and a 
relatively low sodium ion eoneentration. Typieal extracellular fluids have high 
sodium and low potassium ion eoneentrations.) 

The bony labyrinth is loeated within the temporal bone. It surrounds 
and proteets the membranous labyrinth ure 18.1^ . A fluid ealled 
perilymph (PER-i-limf) flows between the bony and membranous lab- 
yrinths. The ehemieal eomposition of perilymph elosely resembles that of 
eerebrospinal fluid. 

The bony labyrinth is subdivided into the vestibule (VES-ti-bul), the 
semicircular eanals, and the eoehlea (KOK-lè-a; eoehlea, snail shell) 
gure 18.12aj. The structures and air spaees of the external ear and middle 
ear work together to capture and transmit sound to the eoehlea. 

The vestibule and semicircular eanals form the vestibular complex, because 
the fluid-filled ehambers of the vestibule are continuous with those of the 
semicircular eanals. 

The eavity within the vestibule eontains a pair of membranous saes, the 
utricle (U-tre-kl) and the saccule (SAK-ul). Hair eells in the utricle and sae- 
cule provide position and linear movement sensations. Those in the semicircu- 
lar eanals are stimulated by rotation of the head. 

The Cochlear Diiet and Hearing 

The eoehlea eontains the eoehlear duct, a slender, elongated portion of the 
membranous labyrinth igure 18.12a). The eoehlear duct is loeated between 
a pair of perilymph-filled ehambers, and the entire complex turns around a 
eentral bony hub. 

The outer walls of the perilymph-filled ehambers eonsist of dense bone 
except at two small areas near the base of the eoehlear spiral. The round 
window, the more inferior of the two openings, is a thin, membranous parti- 
tion that separates the perilymph of the eoehlear ehambers from the air-filled 
middle ear. The oval window, the more superior of the two openings, is in 
the eoehlear wall (Figure 18.10b-d). The base of the stapes almost eom- 
pletely fills the oval window. The annular ligament extends between the edges 
of the base and the margins of the oval window, eompleting the seal. When a 
sound vibrates the tympanie membrane, the malleus and incus conduct these 
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Figure 18. \ Semicircular Canals and Ducts. The orientation of the bony labyrinth within the 
petrous part of eaeh temporal bone. 
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vibrations to the stapes. The movements of the stapes cause the oval window 
to vibrate. The vibrations of the oval window are conducted to the perilymph 
of the internal ear. This proeess ultimately leads to the stimulation of reeeptors 
within the eoehlear duct, and we hear the sound. 

The sensory reeeptors of the internal ear are ealled hair eells, which are 
monitored by sensory afferent fibers gure 18.13d' . These reeeptor eells and 
sensory afferent fibers are surrounded by supporting eells. The free surface of 
eaeh hair eell has 80-100 long stereoeilia. 

Hair eells are highly speeialized meehanoreeeptors. They are sensitive to 
the movement of their stereoeilia. Their ability to provide hearing sensations 
in the eoehlea depends on the presenee of aeeessory structures that restriet the 
sources of stirmilation. We will discuss the importanee of these aeeessory struc- 
tures as we discuss hair eell function in the next seetion. 

The Vestibular Complex and Equilibrium 

The vestibular complex, a part of the internal ear, provides equilibrium sen- 
sations by deteeting rotation, gravity, and aeeeleration. It eonsists of the semi- 
circular eanals, the utricle, and the saccule. 

The Semieireiilar Canals The anterior, posterior, and lateral 
semieirailar eanals are continuous with the vestibule igure 18.13a). Eaeh 


semicircular eanal surrounds a semicircular duct. The anterior, posterior, and 
lateral semicircular ducts are continuous with the utricle. Eaeh duct eontains 
an ampulla (plural, ampullae), an expanded region that eontains the sensory 
reeeptors. The region in the wall of the ampulla that eontains the hair eells is 

the ampullary erest. 

Eaeh hair eell in the vestibule has 80-100 long stereoeilia that resemble 
mierovilli. Eaeh hair eell also has a single large cilium ealled a kinocilium 
(Figure 18.13d). These hair eells do not aetively move their kinoeilia and ste- 
reoeilia. However, when an external foree pushes against these proeesses, the 
distortion of the plasma membrane alters the rate at which a hair eell releases 
neurotransmitters. 

The kinoeilia and stereoeilia of the hair eells are embedded in a gelati- 
nous structure, the ampullary cupula (KU-pu-la). The ampullary cupula has 
a density very elose to that of the surrounding endolymph, so it “floats” above 
the reeeptor surface, nearly filling the ampulla. When the head rotates in the 
plane of the duct, the endolymph moves along the axis of the duct. This move- 
ment of the endolymph pushes the ampullary cupula, distorting the reeep- 
tor proeesses ìgure 18.13c]. Fluid movement in one direetion stimulates 
the hair eells, and movement in the opposite direetion inhibits them. When 
the endolymph stops moving, the elastie nature of the cupula makes it 
“bounce baek” to its normal position. 
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Figure 18.13 The Function of the Semicircular Ducts f Part I 
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We ean analyze even the most complex movement in terms of motion in 
three rotational planes. The reeeptors within eaeh semieireiilar duct respond to 
one of these rotational movements igure 18.14] : 

■ A rotation in the anterior-posterior plane, such as nodding “yes,” stimu- 
lates the hair eells of the anterior duct. 

■ A rotation in the horizontal plane, as in shaking your head “no/’ stimu- 
lates the hair eells of the lateral semicircular duct. 

■ A rotation in the eoronal plane, such as tilting your head from side to side, 
stimulates the hair eells of the posterior duct. 

The lltride and Saccule A slender passageway that is continuous with the 
narrow endolymphatie duct eonneets the utricle and saccule |ure 18.13a' . 
The endolymphatie duct ends in a elosed eavity, the endolymphatie sae. The 
endolymphatie sae projeets through the dura mater lining the temporal bone and 
into the subdural spaee, where a eapillary network surrounds it. Portions of the 
eoehlear duct continually seerete endolymph, and excess fluid returns to the gen- 
eral circulation at the endolymphatie sae. 

The hair eells of the utricle and saccule are clustered in the oval maculae 
(MAK-u-lè; maaila, spot) ures 18.13a and 8.1 ì . The macula of the utri- 
ele is sensitive to ehanges in horizontal movement. The macula of the saccule is 
sensitive to ehanges in vertieal movement. As in the ampullae, the proeesses of 
the hair eells are embedded in a gelatinous structure, the otolithie membrane. 
This membrane’s surface eontains densely paeked calcium earbonate erystals 
termed otoliths (Ó-tò-lith; “ear stones ,> ). The complex as a whole (gelatinous 
layer and otoliths) is ealled an otolithie membrane igure 18.15a). 


Figure 18.14 The Function of the Semicircular Ducts, Part II 
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When your head is in the upright position, the otoliths sit atop the oto- 
lithie membrane of the macula of the utricle. The weight presses down on the 
macular smfaees, pushing the sensory hairs down rather than to one side or 
another. When your head is tilted, the pull of gravity on the otoliths pulls them 
to the side, distorting the hair eell proeesses and stimulating the macular reeep- 
tors. This ehange in reeeptor aetivity tells the CNS that your head is no longer 
level (Figure 18.15c). 

A similar meehanism accounts for your pereeption of linear aeeeleration 
when you are in a ear that speeds up suddenly. The otoliths lag behind due 
to their inertia, and the effeet on the hair eells is eomparable to tilting your 
head baek. Under normal circumstances, your nervous system distinguishes 
between the sensations of tilting and linear aeeeleration by integrating ves- 
tibular sensations with visual information. Many amusement park rides eon- 
fuse your sense of equilibrium by eombining rapid rotation with ehanges 
in position and aeeeleration while providing restrieted or misleading visual 
information. 

Pathvvays for Vestibular Sensations Sensory neurons loeated within 
the adjaeent vestibular ganglia monitor the hair eells of the vestibule and 
semicircular ducts. Sensory fibers from these ganglia form the vestibular nerve. 
These fibers synapse on neurons within the vestibular nuclei loeated at the 
boundary between the pons and medulla oblongata. The two vestibular nuclei 

■ integrate the sensory information eoneerning balanee and equilibrium 
arriving from eaeh side of the head; 

■ relay information from the vestibular complex to the cerebellum; 

■ relay information from the vestibular apparatus to the motor nuclei of the 
extra-ocular muscles of the eye; 

■ relay information from the vestibular complex to the eerebral cortex, pro- 
viding a conscious sense of position and movement; and 

■ send eommands to other motor nuclei in the brainstem and spinal eord. 

The reflexive motor eommands issued by the vestibular nuclei are distrib- 
uted to the motor nuclei for eranial nerves III, IV, VI, and XI. These eranial 
nerves are involved with eye, head, and neek movements. Motor instmetions 
adjusting peripheral muscle tone related to the reflexive movements of the 
head or neek deseend within the vestibulospinal traets of the spinal eord. 

gure 18.16 illustrates these pathways. 

Hearing 

► KEY POINT Vibrations of the oval window are conducted to the perilymph 

of the internal ear. Hearing is aeeomplished by the bending of hair eell reeeptors 

loeated within the spiral organ. 


The Cochlea 

The bony eoehlea eoils around a eentral hub, or modioliis (mò-Dl-ò-lus) 
gure 18.17 . (There are usually 2.5 turns in the eoehlear spiral.) The modi- 
olus eneloses the spiral ganglion. The spiral ganglion eontains the eell bodies 
of the sensory neurons that monitor the reeeptors in the eoehlear duct. In a 
seetional view, the eoehlear duct lies between a pair of perilymphatie eham- 
bers, or sealae: the seala vestibuli (SKÀ-luh ves-TIB-yu-lè), or vestibular duct, 
and the seala tympani (TIM-pa-né), or tympanie duct. The outer surfaces 
of all three ducts are eneased by the bony labyrinth everywhere except at the 
oval window (the base of the seala vestibuli) and the round window (the base 
of the seala tympani). These sealae form one long and continuous perilym- 
phatie ehamber because they are intereonneeted at the tip of the spiral-shaped 
eoehlea. This ehamber begins at the oval window; extends through the seala 
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Figure 18.15 The Maculae of the Lltrieles 
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vestibuli, around the top of the eoehlea, and along the seala tympani; and ends 
at the round window. 

The Spiral Organ The hair eells of the eoehlear duct are loeated in the 
spiral organ, or organ ofCorti Figure 18.17b-e] . This sensory structure rests 
on the basilar membrane. The basilar membrane separates the eoehlear duct 
from the seala tympani. The hair eells of the spiral organ are arranged in two 
longitudinal rows: an inner and an outer row. These hair eells laek kinoeilia, 
and their stereoeilia eontaet the overlying teetorial (tek-TOR-è-al; tectum, 
roof) membrane. This membrane is firmly attaehed to the inner wall of the 
eoehlear duct. When a portion of the basilar membrane vibrates up and down, 
the stereoeilia of the hair eells are bent. 

Sound Deteetion 

Hearing is the deteetion of sound, which eonsists of pressure waves conducted 
through air or water. Sound waves enter the external acoustic meatus and are 
transmitted to the tympanie membrane by the auditory ossieles. The tympanie 


membrane vibrates in response to sound waves with frequencies between 
approximately 20 and 20,000 Hz—the hearing range in a young ehild; this 
range deereases with age. 

Movement of the stapes at the oval window applies pressure to the peri- 
lymph of the seala vestibuli. Liquids, such as the perilymph and endolymph of 
the ear, eannot be eompressed. If you squeeze one part of a water-filled bal- 
loon, it bulges somewhere else. Because the eoehlea is eneased in bone, pressure 
applied at the oval window sets up pressure waves that travel through the entire 
eoehlea until they reaeh the round window, causing it to bulge outward. So, 
when the base of the stapes moves inward at the oval window, the membrane 
spanning the round window bulges outward. 

The frequency (piteh) of the sound we hear is determined by what part of 
the basilar membrane moves the most. Movement of the stapes sets up pressure 
waves in the perilymph. These waves distort the eoehlear duct and the spiral 
organ, stimulating the hair eells. High-frequency (high-piteh) sounds affeet 
the basilar membrane near the oval window; the lower the frequency of the 
sound, the farther away from the oval window the distortion will be. 
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Figure 18.16 Neural Pathvvays for Equilibrium Sensations 
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The intensity (volume) of a sound is determined by the amonnt of distor- 
tion in the basilar membrane. The actual amount of movement of the bas- 
ilar membrane at a given loeation depends on the amount of foree applied 
to the oval window. This relationship provides a meehanism for deteeting the 
intensity of a sound. Very high-intensity (loud) sounds produce hearing loss 
by breaking the stereoeilia off the surfaces of the hair eells. The tensor tym- 
pani and stapedius eontraet in response to dangerously loud sounds. This reflex 
eontraetion occurs in less than 0.1 seeond, but this may not be fast enough to 
prevent damage and related hearing loss. 

Table 18.2 summarizes the steps involved in translating a sound wave 
into an auditory sensation. 

Table 18.2 Steps in the Production of an Auditory Sensation 

1. Sound waves arrive at the tympanie membrane. 

2. Movement of the tympanie membrane causes displaeement of the 
auditory ossieles. 

3. Movement of the stapes at the oval window establishes pressure waves in 
the perilymph of the seala vestibuli. 

4. The pressure waves distort the basilar membrane on their way to the 
round window of the seala tympani. 

5. Vibration of the basilar membrane causes hair eells to vibrate 
against the teetorial membrane, resulting in haireell stimulation and 
neurotransmitter release. 

6. Information eoneerning the frequency and intensity of stimulation is 
relayed to the CNS over the eoehlear nerve. 


Auditory Pathways 

► KEY POINT The auditory pathway is a four-neuron pathway ending in the 
auditory cortex of the cerebrum. A large number of eollateral fibers terminate 
in motor nuclei in the brainstem and initiate auditory reflexes of varying kinds. 


Hair eell stimulation aetivates sensory neurons whose eell bodies are in the 
adjaeent spiral ganglion. Their afferent fibers form the eoehlear nerve. The 
anatomieal organization of the auditory pathway has some unique features: 
This pathway (1) follows the smaller braneh of the vestibulocochlear nerve, 
(2) involves four neurons, (3) involves several nuclei within various regions 
of the brainstem, and (4) has eonsiderable branehing and intereonneetions 
between brainstem nuclei. 



CLI NICAL NOTE 


Hearing Loss 


Conductive hearing loss results from eonditions affeeting the 
external or middle ear that bloek the normal transfer of vibrations 
from the external ear to the auditory ossieles. Individuals with conduc- 
tive hearing loss have a reduced ability to hear faint sounds. Causes 
include impaeted earwax, infeetion, or perforated tympanie membrane. 

Sensorineural hearing loss is due to a problem wíthin the 
eoehlea or somewhere along the auditory pathway. Prolonged loud 
noise or eertain antibioties ean damage the hair eells within the 
eoehlear duct. If a pregnant woman develops eertain infeetions, 
such as toxoplasmosis # rubella (German measles), or herpes, her 
baby may be born with sensorineural hearing loss. 

Presbycusis, or age-related hearing loss, develops as a consequence 
of aging. High-pitehed sounds are difficult to hear, but low-pitched 
sounds are still audible. Presbycusis affeets both ears equally, and 40-50 
pereent of people aged 75 and older have this type of hearing loss. 
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Figure 18.1 The Cochlea and Spiral Organ 
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Figure 18.17 (continued) 
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L gure 18.18 summarizes the auditory pathway. Stimulation of hair 
eells along the basilar membrane aetivates sensory neurons whose eell bod- 
ies are in the adjaeent spiral ganglion. 0 The afferent fibers of those neu- 
rons form the eoehlear nerve. These axons enter the medulla oblongata, 
where they synapse at the eoehlear nucleus on that side. o From there, 
information aseends to both superior olivary mielei of the pons and both 
inferior colliculi of the midbrain. Q This midbrain proeessing eenter eoordi- 
nates a variety of unconscious motor responses to acoustic stimuli, including 
auditory reflexes that involve skeletal muscles of the head, faee, and trunk. 
o These reflexes automatically ehange the position of your head in response 
to a sudden loud noise. You usually turn your head and your eyes toward the 
source of the sound. 

Before reaehing the eerebral cortex and your awareness, aseending audi- 
tory sensations synapse in the medial geniculate nucleus of the thalamus. 
o Projeetion fibers then deliver the information to the auditory cortex of the 
temporal lobe. o Information travels to the cortex over labeled lines: High- 
frequency sounds aetivate one portion of the cortex, low-frequency sounds 


another. In effeet, the auditory cortex eontains a map of the spiral organ. So, 
information about frequency, translated into information about position on the 
basilar membrane, is projeeted in that form onto the auditory cortex. There it is 
interpreted to produce your subjective sensation of piteh. 



CONCEPT CHECK 

12 You are exposed unexpectedly to very loud noises. 
What happens vvithin the tympanie eavity to proteet 
the tympanie membrane from damage? 

13 As you shake your head "no," you are avvare of this 
head movement. How are these sensations deteeted? 

14 How does loss of stereoeilia from the hair eells of the 
spiral organ affeet hearing? 

15 Distinguish between the eoehlear duct and seala 
tympani. 


See the blue Ansvvers tab at the baek of the book. 


Figure 18.18 Pathways for Auditory Sensations. 
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18.6 Vision 


Figure 18.19 Aeeessory Structures of the Eye, Part I 


► KEY POINT Humans rely more on vision than on any other speeial 
sense. As a result, the visual cortex is several times larger than the eorti- 
eal area for any other speeial sense. 

Our visual reeeptors are eontained in elaborate structures, the eyes, 
which enable us to deteet light and ereate detailed visual images. We 
begin our discussion with the aeeessory structures of the eye. 

Aeeessory Structures of the Eye 

► KEY POINT The aeeessory structures of the eye include the eyelids, 
superficial epithelium, and laerimal apparatus. 

The aeeessory structures of the eye proteet, lubricate, and support 
the eye gure 18.19] . They include the eyelids, the superficial 
epithelium of the eye, and the structures assoeiated with producing, 
seereting, and removing tears. 

Eyelids 

The eyelids, or palpebrae (pal-PÉ-brè), are a continuation of the skin. 
The eyelids aet like windshield wipers; their continual blinking keeps the 
surface lubricated and free from dust and debris. They also proteet the 
delieate surface of the eye by elosing firmly. The palpebral fissure is 
the gap between the upper and lower eyelids. The upper and lower eye- 
lids are eonneeted at the medial angle (medial canthus) and the lateral 
angle (lateral canthus) ure 18.19Ì . The eyelashes along the mar- 
gins of the eyelids are very strong hairs. Sensory structures in the root 
hair plexus monitor eaeh eyelash. Movement of the hair triggers a blink- 
ing reflex, which prevents foreign matter (including inseets) from reaeh- 
ing the surface of the eye. 

The eyelashes are assoeiated with large sebaceous glands, ealled 
tarsal glands, on the inner surface of the eyelid. They seerete a lip- 
id-rieh product that keeps the eyelids from stieking together. At the 
medial angle, glands within the laerimal caruncle (KAR-un-kul), a 
mass of soft tissue, produce the thiek seeretions that form the gritty 
deposits sometimes found at the edge of the eye after a good night's 
sleep (Figure 18.19a). 

Oeeasionally, baeteria infeet these various glands. A eyst, or eha- 
lazion (kah-LÀ-zè-on; “small lump”), results from infeetion of a tar- 
sal gland. A painful, loealized swelling known as a sty results from 
infeetion in a sebaceous gland of an eyelash. 

A thin layer of stratified squamous epithelium eovers the vis- 
ible surface of the eyelid. Deep to the subcutaneous layer, the 
eyelids are supported and strengthened by broad sheets of eonnee- 
tive tissue ealled the tarsal plate gure 18.19b). The muscle 
fibers of the orbicularis oculi and the levator palpebrae superioris 
lie between the tarsal plate and the skin gures 18.19b and 1 8.20] . 
These skeletal muscles elose the eyelids (orbicularis oculi) and raise the 
upper eyelid (levator palpebrae superioris). pp. 262, 264-265 

The conjunctiva (kon-junk-Tl-va; U uniting” or “eonneeting”) is 
a layer of epithelium eovering the inner surface of the eyelids and 
the outer surface of the eye ìgure 18.21b,e]. The conjunctiva is a 
mucous membrane eovered by a speeialized stratified squamous epi- 
thelium. The palpebral conjunctiva eovers the inner surface of the 
eyelids, and the bulbar conjunctiva (ocular conjunctiva) eovers the 
anterior surface of the eye. A continuous supply of fluid washes over 
the surface of the eyeball, lubricating the conjunctiva. A superficial 
lubricant produced by the mucous eells within the epithelium and the 
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Figure 18.20 Aeeessory Structures of the Eye, Part II. A superior view of structures within the right orbit. 
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various aeeessory glands provides a siiperfieial lubricant that prevents frietion 
and drying of the conjunctival surfaces. 

The stratified epithelium eovering the conjunctiva ehanges to a very 
thin and delieate squamous epithelium that eovers the transparent eornea 
(KOR-nè-a) of the eye. There are no speeialized sensory reeeptors monitor- 
ing the surface of the eye. Hovvever, there are a large number of free nerve 
endings assoeiated with the aeeessory structures of the eye. These free nerve 
endings have very broad sensitivities. 

The Laerimal Apparatus 

A eonstant flow of tears keeps the conjunctival surfaces moist and elean. Tears 
reduce frietion, remove debris, prevent baeterial infeetion, and provide nutri- 
ents and oxygen to the epithelimn. The laerimal apparatus produces, distrib- 
utes, and removes tears. The laerimal apparatus of eaeh eye eonsists of (1) a 
laerimal gland, (2) superior and inferior laerimal canaliculi, (3) a laerimal sae, 
and (4) a nasolaerimal duct igures 18.19b,c and 18.20] . 

The poeket ereated where the conjunctiva of the eyelid eonneets with the 
conjunctiva of the eye is ealled the fornix (FOR-niks). The lateral portion of 
the superior fornix reeeives 10-12 ducts from the laerimal gland, or teargland. 
The laerimal gland is approximately the size and shape of an almond, measur- 
ing roughly 12-20 mm (0.5-0.75 in.). It sits within a depression in the frontal 
bone within the orbit, superior and lateral to the eyeball igure 18.20 . 

The laerimal gland provides the key ingredients and most of the volume 
of the tears that bathe the conjunctival surfaces. Laerimal gland seeretions are 
watery and slightly alkaline and eontain the enzyme lysozyme and antibodies, 
which attaek mieroorganisms. 

The laerimal gland produces 1 ml of tears a day. Onee the laerimal 
seeretions reaeh the ocular surface, they mix with the products of aeeessory 
glands and the oily seeretions of the tarsal glands and sebaceous glands. 


(The seeretions of the sebaceous glands produce a superficial “oil sliek" that 
lubricates the eye and slows the evaporation of the tears.) 

Blinking sweeps the tears aeross the surface of the eye. Tears accumulate at 
the medial angle in an area ealled the laerimal lake, or lake oftears. Two small 
pores, the superior and inferior laerimal puncta (singular, punctum), drain 
the laerimal lake. The laerimal lake empties into the laerimal canaliculi, 
which run along grooves in the surface of the laerimal bone. These canaliculi 
lead to the laerimal sae, which is loeated within the laerimal groove of the 
laerimal bone. From the laerimal sae, the nasolaerimal duct extends along 
the nasolaerimal eanal formed by the laerimal bone and the maxilla. The naso- 
laerimal duct delivers the tears to the inferior meatus, a narrow passageway 
inferior and lateral to the inferior nasal eoneha. 

The Eye 

► KEY POINT The wall of the eye eonsists of three layers: the outer fibrous 

layer, the intermediate vascular layer, and the inner layer (retina). 

The eyeball lies within the orbit of the skull along with (1) the extra-ocular 
muscles, (2) the laerimal gland, and (3) the eranial nerves and blood ves- 
sels supplying the eye and adjaeent portions of the orbit and faee "'gure 
18.21e,f). Slightly smaller than a Ping-Pong ball, eaeh eye weighs approxi- 
mately 8 g (0.28 oz) and is approximately 24 mm (almost 1 in.) in diameter. A 
mass of orbital fat provides padding and insulation for the eye. 

The wall of the eye is made up of three distinet layers igure 18.21a' : 
an outer fibrous layer, an intermediate vascular layer, and an inner layer. 
The eyeball is hollow, and the interior is divided into two eavities. The large 
posterior eavity (also ealled the vitreous ehamber ) eontains the gelatinous vitre- 
ous body. The smaller anterior eavity has two ehambers, the anterior ehamber 
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CLINICAL NOTE 


Disorders of the Eye 


A ehild with conjunctivitis 


Refraetive error occurs when the 
shape of the eye prevents light 
from focusing direetly on the retina. 

This ean be caused by an eyeball that 
is too long or too short, by ehanges in 
the cornea # or by stiffening of the lens. 

If ineoming light focuses in front of the 
retina # nearvision is normal but 
far vision is blurry. This is known as 
myopia, or nearsightedness. If the 
light focuses behind the retina # far 
vision is normal but near vision is 
blurry. This is hyperopia, or farsighted- 
ness. Presbyopia is farsightedness due 
to age-related stiffening of the 
lens # preventing it from focus- 
ing up elose. Glasses or surgery 
ean eorreet refraetive errors. 

Conjunctivitis # also known 
as "pink eye # " is an inflam- 
mation of the conjunctiva. If 
conjunctivitis is caused by a 
baeterial or viral infection # it 
ean be quite contagious. It ean 
also result from allergies # envi- 
ronmental irritants, or eontaet 
lenses. If conjunctivitis is due to 
a baeterial infection # it usually 
responds quiekly to antibiotie 
drops or ointment. 

Corneal abrasions are the 
most eommon eye injury. Trauma # 
dust # foreign bodies # or eontaet 
lenses ean serateh the eornea. 

If the eornea beeomes severely 
damaged or diseased # it ean turn 
opaque # causing blindness. A eorneal transplant # using a fresh eadaver graft # 
ean restore vision. Check your driver's lieense for your own donor status. 




Cataract surgery to replaee lens 


Glaucoma is an eye disease marked by 
inereased intra-ocular pressure that ean cause 
blindness by damaging the optie nerve. If the 
flow of aqueous humor is bloeked, fluid builds 
up # causing glaucoma. The cause of bloekage is 
not known # although the disorder ean be inher- 
ited. Eye exams eheek intra-ocular pressure by 
bouncing a tiny blast of air off the surface of 
the eye and measuring the defleetion produced. 
Glaucoma ean be treated medieally and surgi- 
eallly to eontrol vision loss. 

Cataracts are a clouding of the 
lens until it ean no longer transmit 
a elear image to the retina. Senile 
eataraets are related to aging. In 
rare cases # eataraets are eongenital 
or induced by some medieations. 
Cataract surgery takes about 15 
minutes. Llsing a mieroseope, the 
surgeon removes the clouded lens 
and replaees it with an artifieial 
lens. The new lens ean be man- 
ufactured to eorreet for myopia 
and/or hyperopia. More than half 
of Amerieans over 80 have a eata- 
raet or have had eataraet surgery. 

Retinal detaehment is a 
eondition in which the retina pulls 
away from its nourishing ehoroid 
baeking, losing its blood supply. 

If this is not treated immediately, 
permanent blindness will result. 

Macular degeneration is 
a leading cause of blindness in 
Amerieans aged 60 and older. It is due 
to age-related deterioration of the eentral 
portion of the retina # the macula. When the macula degenerates # eentral vision 
is lost. Treatments ean slow down vision loss # but currently there is no cure. 




Cataract with eharaeteristie lens clouding 


Visual field of a person with macular degeneration 
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Figure 18.21 Seetional Anatomy of the Eye 
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Figure 18.21 (continued) 
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(between the eornea and the iris) and the posterior ehamber (between the iris 
and the lens). The shape of the eye is stabilized by the vitreous body and the 
elear aqueous humor filling the anterior eavity ìgure 18.21b,d,e). 
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The Fibroiis Layer 

The fibrous layer is the outermost layer of the eye. It eonsists of the selera and 
the transparent eornea Figure 18.21a,b,d,e). The fibrous layer (1) provides 
meehanieal support and physieal proteetion for the eye, (2) serves as an attaeh- °P tic nerve (II) 

ment site for the extra-ocular muscles, and (3) eontains structures involved in 
the focusing proeess. 

The selera (SKLER-a), or “white of the eye,” eovers most of the ocular Lateral rectus 
surface. The selera eonsists of dense, fibrous eonneetive tissue eontaining eol- 
lagen and elastie fibers. The selera is thiekest at the posterior portion of the 
eye, near the exit of the optie nerve. It is thinnest over the anterior surface. 

The six extra-ocular muscles insert onto the selera. The eollagen fibers of the 
tendons of insertion are interwoven with the eollagen fibers of the fibrous 
layer (Figure 18.20). 

The anterior surface of the selera eontains small blood vessels and nerves 
that penetrate the selera to reaeh internal structures. The network of small ves- 
sels interior to the bulbar conjunctiva generally does not earry enough blood to 



Horizontal seetion, siiperior view 
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lend an obvious eolor to the selera. On elose inspeetion, however, the vessels 
are visible as red lines against the white background of eollagen fibers. 

The transparent eornea is part of the fibrous layer, and it is continuous 
with the selera. A delieate stratified squamous epithelium eovers the surface 
of the eornea. Deep to that epithelmm, the eornea eonsists of multiple layers 
of eollagen fibers. The preeise alignment of the eollagen fibers within these 
layers makes the eornea transparent. A simple squamous epithelium separates 
the innermost layer of the eornea from the anterior ehamber of the eye. 

The eorneoseleral junction, also termed the eorneal limbus, forms the 
junction between the eornea and the selera. The eornea is avascular, and there 
are no blood vessels between the eornea and the overlying conjunctiva. As a 
result, the superficial epithelial eells obtain oxygen and nutrients from the 
tears flowing aeross their free surfaces. The innermost epithelial layer reeeives 
its nutrients from the aqueous humor within the anterior ehamber. The eornea 
also has numerous free nerve endings, making it the most sensitive portion of 
the eye. This sensitivity is important because eorneal damage ean cause blind- 
ness even if the rest of the eye—photoreeeptors included—is perfeetly normal. 

The Vaseiilar Layer 

The vascular layer, or uvea, eontains numerous blood vessels, lymphat- 
ies, and the intrinsie eye muscles. The functions of this layer include (1) 
providing a route for blood vessels and lymphaties supplying tissues of the 
eye, (2) regulating the amount of light entering the eye, (3) seereting and 

I reabsorbing the aqueous humor circulating within the eye, and (4) eon- 
trolling the shape of the lens, which is an essential part of the focusing 
proeess. The vascular layer includes the iris, the eiliary body, and the eho- 
roid (Figures 18.21a,b,d,e and 18.22). 

The Iris The iris is seen through the transparent eorneal surface. The iris eon- 
tains blood vessels, pigment eells, and two layers of smooth muscle eells that are 
part of the intrinsie eye muscles. Contraction of these muscles ehanges the diam- 
eter of the pupil, the eentral opening of the iris. One group of smooth muscle 
fibers forms a series of eoneentrie eireles around the pupil ure 18.21c . The 
diameter of the pupil deereases when these sphineter pupillae eontraet. A see- 
ond group of smooth muscles extends radially from the edge of the pupil. Con- 
traetion of these dilator pupillae enlarges the pupil. The autonomic nervous 
system eontrols these antagonistie muscles: parasympathetie aetivation eonstriets 
the pupil, and sympathetie aetivation dilates the pupil. 

The body of the iris eonsists of eonneetive tissue. The posterior surface of the 
iris is eovered by an epithelimn eontaining pigment eells. Pigment eells are also 
present within the eonneetive tissue of the iris and in the epithelium eovering its 
anterior surface. The density and distribution of these pigment eells determine 
the eolor of the eye. When there are no pigment eells in the body of the iris, light 
passes through it and bounces off the inner surface of the pigmented epithelium. 
The eye appears blue. Individuals with green, brown, or blaek eyes have inereasing 
numbers of melanoeytes in the body and on the surface of the iris. 

The eiliary Body At its periphery, the iris attaehes to the anterior portion 
of the eiliary body. The eiliary body begins at the junction of the eornea and 
selera and extends posteriorly to the ora serrata (Ò-ra ser-RÀ-ta; “serrated 
mouth M ) Fí ures 18.21b,d,e and 18.22b' . The eiliary body eonsists of the 
eiliary muscle, a muscular ring projeeting into the interior of the eye. The 
epithelmm has numerous folds, ealled eiliary proeesses. The eiliary zonule 
(suspensory ligament) is the ring of fibers that attaehes the lens to the eiliary 
proeesses. These eonneetive tissue fibers hold the lens in plaee—posterior to the 
iris and in the eenter of the pupil. As a result, any light passing through the 
pupil also passes through the lens. 

The ChoroÌd The ehoroid (KOR-oyd) is a vascular layer that separates the 
fibrous layer and the inner layer posterior to the ora serrata. An extensive eap- 
illary network within the ehoroid delivers oxygen and nutrients to the retina. 


Figure 18.22 The Lens and ehambers of the Eye 
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Its position is maintained by the eiliary zonule that 
attaehes the lens to the eiliary body. 


The ehoroid also eontains seattered melanoeytes, which are espeeially dense 
near the selera ígure 18.21a,b,d,e' . The innermost portion of the ehoroid 
attaehes to the outer retinal layer. 

The Inner Layer (Retina) 

The inner layer, or retina, eonsists of two distinet layers: an outer thin lining 
ealled the pigmented layer and a thieker inner neural layer, which eontains 
the visual reeeptors and assoeiated neurons gures 18.2 and 8.25 . 

The pigmented layer absorbs light after it passes through the retina and has 
important bioehemieal interaetions with retinal photoreeeptors. The neural layer 
eontains (1) the photoreeeptors that respond to light, (2) supporting eells and 
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Figure 18.23 Retinal Organization 
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neurons that perform preliminary proeessing and integration of visual infor- 
mation, and (3) blood vessels that supply the tissues lining the posterior eavity. 

The neural and pigmented layers are normally very elose together, but not 
tightly intereonneeted. The pigmented layer continues over the eiliary body and 
iris. The neural layer, however, only extends anteriorly as far as the ora serrata. 
The neural layer forms a cup that establishes the posterior and lateral boundar- 
ies of the posterior eavity gure 18.21b,d,e r í . 

Retinal Organization There are approximately 130 million photoreeep- 
tors in the retina. Eaeh photoreeeptor monitors a speeifie loeation on the reti- 
nal surface. A visual image results from proeessing the information provided by 
all of the reeeptors. 

The retina eontains several layers of eells ure 18.23a,b). The out- 
ermost layer, elosest to the pigmented layer, eontains the visual reeeptors. 
There are two types of photoreeeptors, the eells that deteet light: rods and 
eones. Rods do not deteet different eolors of light. They are very light-sensi- 
tive and enable us to see in dimly lit rooms, at twilight, or in pale moonlight. 
Cones deteet different eolors and, therefore, provide us with eolor vision. 
There are three types of eones, and their stimulation in various eombina- 
tions provides the deteetion of different eolors. Cones give us sharper, elearer 
images, but they require more intense light than rods. If you sit outside at 
sunset, you will be able to tell when your visual system shifts from eone- 
based vision (elear images in full eolor) to rod-based vision (relatively grainy 

I images in blaek and white). 

Rods and eones are not evenly distributed aeross the retina. Approximately 
125 million rods form a broad band around the periphery of the retina. As you 
move toward the eenter of the retina, the density of rods gradually deereases. In 
eontrast, most of the roughly 6 million eones are eoneentrated in the area where 
a visual image arrives after it passes through the eornea and lens. This region, 
known as the macula (MAK-yu-luh; “spot”), has no rods. The highest eoneen- 
tration of eones occurs at the eenter of the macula, an area ealled the fovea 
eentralis (FÓ-vè-uh; “shallow depression”), or simply the fovea. The fovea 


eentralis is the site of sharpest eolor vision. VVhen you look direetly at an objeet, 
its image falls on this portion of the retina. ures 18.21b,e and J8.23c). 

The rods and eones synapse with neurons ealled bipolar eells ogure 
18.23a,b). Stimulation of rods and eones alters their rates of neurotransmitter 
release, and this alters the aetivity of the bipolar eells. Horizontal eells at this 
same level form a network that inhibits or promotes communication between 
the photoreeeptors and bipolar eells. Bipolar eells synapse within the layer of 
ganglion eells. Amaerine (AM-a-krin) eells, also found at this level, modu- 
late communication between bipolar and ganglion eells. The ganglion eells are 
the first-order neurons in the optie pathway and are the only eells in the retina 
generating aetion potentials that travel to the brain in the optie pathway. 

Axons of the ganglion eells eonverge on the optie dise, a circular region 
just medial to the fovea eentralis. The optie dise is the origin of the optie nerve 
(II). From this point, axons turn, penetrate the wall of the eye, and proeeed 
toward the dieneephalon igure 18.21b,e]. The eentral retinal artery and 
eentral retinal vein pass through the eenter of the optie nerve and emerge on 
the surface of the optie dise igures 18.21e and 8.23c). There are no photo- 
reeeptors or other retinal structures at the optie dise. Because light striking this 
area goes unnoticed, it is eommonly ealled the blind spot. You do not notiee 
a blank spot in your visual field because involuntary eye movements keep the 
visual image moving and allow the brain to fill in the missing information. 

The ehambers of the Eye 

Reeall that the ehambers of the eye are the anterior, posterior, and vitreous 
ehambers. The anterior and posterior ehambers are filled with aqueous humor. 

Aqueous Humor Interstitial fluids pass between the epithelial eells of the eil- 
iary proeesses and enter the posterior ehamber. The epithelial eells alter the eom- 
position of the interstitial fluid, forming the aqueous humor igure 18.24' . 
The eomposition of aqueous humor is similar to that of eerebrospinal fluid. The 
circulation of the aqueous humor forms a fluid cushion and provides an import- 
ant route for transporting nutrients and wastes. 


Figure 18.24 The Circulation of Aqueous Humor. Aqueous humor seereted at the eiliary body 
circulates through the posterior and anterior ehambers as well as into the posterior eavity (arrows) 
before it is reabsorbed through the seleral venous sinus. 
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CLINICAL NOTE 


Nystagmiis 

Nystagmus, also knovvn as "daneing eyes," is an involiintary, 
rapid, repetitive movement of the eyes. The eondition ean be 
eongenital and appear in early ehildhood, or it ean be acquired # 
appearing later. It ean also be caused by neurological problems, 
ehronie aleohol use # or eertain medieations. Nystagmus ean also be 
a sign of another eondition, such as stroke or rrmltiple selerosis. 
Physieians often eheek for nystagmus by asking patients to follovv 
a moving finger vvith their eyes. 


The Lens 

The lens focuses the visual image on the retinal photoreeeptors by ehang- 
ing its shape. The lens eonsists of preeisely organized layers of eells igures 
18.21 b,d r e, 18.22b, and 18.24). A dense, fibrous capsule eovers the entire 
lens. Many of the capsular fibers are elastie, and unless an outside foree is 
applied, they eontraet and make the lens spherieal. The capsular fibers inter- 
mingle with those of the eiliary zonule around the edges of the lens. 

As tension in the eiliary zonule inereases, the lens flattens ures 
18.21b,d,e, 18.22b r and 18.24). With the lens in this position, the eye is able 
to focus on distant objeets. When the eiliary muscles eontraet, the eiliary 
body moves toward the lens. This movement reduces the tension in the eiliary 
zonule, and the elastie lens assumes a more spherieal shape. With the lens in 
this position, the eye is able to focus on nearby objeets. 


Aqueous humor returns to the anterior ehamber near the edge of the iris. 
After diffusing through the loeal epithelium, it passes into the seleral venous 
sinus, or the eanal ofSehlemm, which communicates with the veins of the eye. 

The lens lies posterior to the eornea. It is held in plaee by the eiliary zonule 
that originates on the eiliary body of the ehoroid gure 18.24' . The lens and 
the eiliary zonule form the anterior boundary of the vitreous ehamber. This 
ehamber eontains the vitreous body, a gelatinous mass sometimes ealled the 
vitreoiis humor. The vitreous body maintains the shape of the eye, supports the 
posterior surface of the lens, and supports the retina by pressing the neural 
layer against the pigmented layer. Aqueous humor produced in the posterior 
ehamber freely diffuses through the vitreous body and aeross the retinal surface. 


Visual Pathways 

► KEY POINT The visual pathvvay is a three-neuron pathvvay, beginning in the 
ganglion eells of the retina and ending in the visual cortex of the cerebrum. 

Eaeh rod and eone eell monitors a speeifie reeeptive field. A visual image results 
from proeessing information provided by the entire reeeptor population. A sig- 
nifieant amount of proeessing occurs in the retina before the information is 
sent to the brain because of interaetions between the various eell types. 

The right and left optie nerves reaeh the dieneephalon after a partial decus- 
sation at the optie ehiasm igure 18.2 . At the optie ehiasm approximately 

half of the fibers proeeed toward the lateral geniculate nucleus of the same 


Figure 18.2! Anatomy of the Visual Pathways r Part I. A superior vievv of a horizontal seetion 
through the head at the level of the optie ehiasm. 
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side of the brain, while the other half eross over to reaeh the lateral geniculate 
nucleus of the eontralateral side (Figure 18.26). Visual information from the 
left half of eaeh retina synapses at the lateral geniculate nucleus of the left side; 
information from the right half of eaeh retina goes to the right side. The lateral 
geniculate nuclei aet as a switching eenter, relaying visual information to reflex 
eenters in the brainstem and eerebral cortex. Some visual information, how- 
ever, bypasses the lateral geniculate nuclei. For instanee, reflexes eontrolling 
eye movement are triggered by information that bypasses the lateral geniculate 
nuclei to synapse in the superior colliculi. 

Cortical Integration 

The sensation of vision results from the integration of information arriving at 
the visual cortex of the oeeipital lobes of the eerebral hemispheres. The visual 
cortex eontains a sensory map of the entire field of vision. As we saw with the 
primary sensory cortex, the map does not exactly duplicate the relative areas 
within the sensory field. 

Eaeh eye also reeeives a slightly different image because (1) the foveae are 
2-3 inehes apart, and (2) the nose and eye soeket bloek the view of the oppo- 
site side. The assoeiation and integrative areas of the cortex eompare the two 
images and use them to provide us with depth pereeption Figure 18.26 . The 
partial erossover occurring at the optie ehiasm ensures that the visual cortex 
reeeives a eomposite picture of the entire visual field. 

I The Brainstem and Visiial Proeessing 

Many eenters in the brainstem reeeive visual information from the lateral 
geniculate nuclei or eollaterals arising from the optie traets. Collaterals bypass- 
ing the lateral geniculate nuclei synapse in either the superior colliculus or 
hypothalamus íigure 18.26 . The superior colliculus of the meseneephalon 
issues motor eommands eontrolling subconscious eye, head, or neek move- 
ments in response to visual stimuli. Visual inputs to the siipraehiasmatie 
(soo-pra-kl-az-MA-tie) nucleus of the hypothalamus and the endoerine eells 
of the pineal gland affeet the function of other brainstem nuclei. These nuclei 
establish a daily pattern of viseeral aetivity that is tied to the day-night eyele. 
This eireadian rhythm (eirea, about, + dies, day) affeets metabolie rate, endo- 
erine function, blood pressure, digestive aetivities, the awake-asleep eyele, and 
other physiologieal proeesses. 



CONCEPT CHECK 

16 What layer of the eye is the first to be affeeted by 
inadequate tear production? 

17 If the intra-ocular pressure beeomes abnormally 
high, vvhieh structures of the eye are affeeted and 
hovv are they affeeted? 

18 Would a person born without eones in her eyes be 
able to see? Explain. 

19 Explain what eiliary proeesses are and what they do. 


5ee the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y SIIMMARY 

For a smnmary of the development of the speeial organs, see Chapter 28 
(Embryology and Human Development). 


Figure 18.26 Anatomy of the Visual Pathways, Part II. At the optie 
ehiasm, a partial erossover of nerve fibers occurs. As a result # eaeh 
hemisphere reeeives visual information from the lateral half of the retina 
of the eye on that side and from the medial half of the retina of the eye 
on the opposite side. Visual assoeiation areas integrate this information to 
develop a eomposite picture of the entire visual field. 
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Study Outline 


lntroduction p.472 

The general senses are temperature f pain f touch f pressure f 
vibration f and proprioeeption; reeeptors for these sensations are 
distributed throughout the body. Reeeptors for the speeial senses 
(olfaetion, gustation f equilibrium f hearing, and vision) are loeated 
in speeialized areas f or sense organs. A sensory reeeptor is a 
speeialized eell that when stimulated sends a sensation to the CNS. 


Baroreeeptors (streteh reeeptors) monitor ehanges in pressure; 
they respond immediately but adapt rapidly. Baroreeeptors in 
the walls of major arteries and veins respond to ehanges in blood 
pressure. Reeeptors along the digestive traet help eoordinate reflex 
aetivities of digestion. fSee Figure 18.4.) 

Proprioeeptors monitor the position of joints f tension in tendons 
and ligaments f and the state of muscular eontraetion. 


18.1 Reeeptors p.472 

Reeeptor speeifieity allows eaeh reeeptor to respond to particular stimuli. 
The simplest reeeptors are free nerve endings; the area monitored by a 
single reeeptor eell is the reeeptive field. (See Figure 18.1.) 

Interpretation of Sensory Information p. 472 

Tonie reeeptors are always sending signals to the CNS; phasie 
reeeptors beeome aetive only when the eonditions that they 
monitor ehange. 

Central Proeessing and Adaptation p. 472 

Adaptation (a reduction in sensitivity in the presenee of a eonstant 
stimulus) may involve ehanges in reeeptor sensitivity (peripheral, 
or sensory , adaptation) or inhibition along the sensory pathways 

(eentral adaptation). Fast-adapting reeeptors are phasie; slow- 
adapting reeeptors are tonie. 

The information provided by our sensory reeeptors is ineomplete 
because (1) we do not have for every stimulus; (2) our reeeptors 
have limited ranges of sensitivity; and (3) a stimulus produces a 
neural event that must be interpreted by the CNS. 


18.2 The General Senses p. 473 

Reeeptors are elassified as exteroceptors if they provide 
information about the external environment, proprioeeptors if 
they monitor body position f and interoeeptors if they monitor 
eonditions inside the body. 

Noeieeptors p. 473 

Noeieeptors respond to a variety of stimuli usually assoeiated with 
tissue damage. There are two types of these painful sensations: fast 
(prieking) pain and slow (burning) pain. fSee Figures 18.2 and 18.3a.) 

Thermoreeeptors p. 474 

Thermoreeeptors respond to ehanges in temperature. They conduct 
sensations along the same pathways that earry pain sensations. 

Meehanoreeeptors p. 474 

Meehanoreeeptors respond to physieal distortion f contact f or 
pressure on their eell membranes: taetile reeeptors to touch f 
pressure f and vibration; baroreeeptors to pressure ehanges in the 
walls of blood vessels and the digestive f reproductive f and urinary 
traets; and proprioeeptors (muscle spindles) to positions of joints 
and nrmseles. fSee Figures 18.3 and 18.4.) 

Fine toiieh and pressure reeeptors provide detailed information 
about a source of stimulation; crude touch and pressure 
reeeptors are poorly loealized. Important taetile reeeptors include 

free nerve endings, the root hair plexus, Merkel eells and 
taetile dises, taetile corpuscles (Meissner's corpuscles), bulbous 
corpuscles (Ruffini corpuscles), and lamellar corpuscles (Paeinian 
corpuscles). (See Figure 18.3 and Table 18.1.) 


Chemoreceptors p. 476 

ln general f ehemoreeeptors respond to water-soluble and 
lipid-soluble substances that are dissolved in the surrounding 
fluid. They monitor the ehemieal eomposition of body fluids. 
fSee Figure 18.5.) 


18.3 Olfaetion (Smell) p.476 


The olfaetory organs eontain the olfaetory epithelium with 
olfaetory sensory neurons (neurons sensitive to ehemieals 
dissolved in the overlying mucus) f supporting cells f and basal 
epithelial (stem) eells. Their surfaces are eoated with the 
seeretions of the olfaetory glands. (See Figure 18.6.) 

Olfaetory Reeeptors p. 477 

The olfaetory neurons are modified nerve eells. (See Figure 18.6b.) 

Olfaetory Pathways p. 477 

The olfaetory system has extensive limbie and hypothalamie 
eonneetions that help explain the emotional and behavioral 
responses that ean be produced by eertain smells. (See Figure 18.6.) 



Olfaetory Diserimination p. 477 

The olfaetory system ean make subtle distinetions between 
thousands of ehemieal stimuli; the CNS interprets the smell. 

The olfaetory reeeptor population shows eonsiderable turnover and 
is the only known example of neuronal replaeement in the adult 
human. The total number of reeeptors deelines with age. 


18.4 Gustation (Taste) p. 478 

Gustation, or taste, provides information about the food and 
liquids that we consume. 

Taste Reeeptors p. 479 

Gustatory epithelial eells are clustered in taste buds. These eells 
extend taste hairs through a narrow taste pore. fSee Figure 18.7.) 

Taste buds are assoeiated with epithelial projeetions (lingual 
papillae). (See Figure 18.7a,b.) 

Giistatory Pathways p. 479 

The taste buds are monitored by eranial nerves VIl f IX f and X. 

The afferent fibers synapse within the solitary nucleus before 
proeeeding to the thalarrms and eerebral cortex. (See Figure 18.8.) 

Gustatory Diserimination p. 479 

The primary taste sensations are sweet f salty f sour f bitter f 
umami, and water. 

There are individual differenees in the sensitivity to speeifie tastes. 
The number of taste buds and their sensitivity deeline with age. 

(See Figure 18.8.) 
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18.5 Equilibrium and Hearing p. 480 


The External Ear p. 480 

The external ear ineliides the auricle f which surrounds the 
entranee to the external aeoiistie meatus that ends at the 
tympanie membrane, or eardrum. (See Figures 18.9 and 18.10.) 

The Middle Ear p. 480 

ln the middle ear f the tympanie eavity eneloses and proteets 
the auditory ossieles, which eonneet the tympanie membrane 
with the reeeptor complex of the internal ear. The tympanie eavity 
communicates with the nasopharynx via the auditory tube. (See 
Figures 18.9 and 18.10.) 

The tensor tympani and stapedius eontraet to reduce the 
amount of motion of the tympanie membrane when very loud 
sounds arrive. fSee Figures 18.9 and 18.10b,d.) 


The Internal Ear p. 482 

The senses of equilibrium and hearing are provided by the 
reeeptors of the internal ear (housed within fluid-filled tubes and 
ehambers known as the membranous labyrinth). Its ehambers 
and eanals eontain endolymph. The bony labyrinth surrounds 
and proteets the membranous labyrinth. The bony labyrinth ean be 
subdivided into the vestibule and semicircular eanals (providing 
the sense of equilibrium) and the eoehlea (providing the sense of 
hearing). (See Figures 18.9-18.17.) 

The vestibule includes a pair of membranous sacs f the utricle and 
saccule, whose reeeptors provide sensations of gravity and linear 
aeeeleration. The eoehlea eontains the eoehlear duct, an elongated 
portion of the membranous labyrinth. (See Figure 18.12.) 

The basie reeeptors of the internal ear are hair eells whose surfaces 
support stereoeilia. Hair eells provide information about the direetion 
and strength of varied meehanieal stimuli. (See Figure 8.13d.) 

The anterior, posterior, and lateral semicircular ducts are 

continuous with the utricle. Eaeh eontains an ampulla with sensory 
reeeptors. Here the eilia eontaet a gelatinous ampullary cupula. 
(See Figures 18.13 and 18.14.) 

The utricle and saccule are eonneeted by a passageway continuous 
with the endolymphatie duct, which terminates in the 
endolymphatie sae. In the saccule and utricle f hair eells cluster 
within maculae, where their eilia eontaet otoliths eonsisting 
of densely paeked mineral erystals in a gelatinous matrix. When 
the head tilts f the mass of eaeh otolith shifts f and the resulting 
distortion in the sensory hairs signals the CNS. (See Figure 18.15.) 

The vestibular reeeptors aetivate sensory neurons of the vestibular 
ganglia. The axons form the vestibular nerve synapsing within 
the vestibular nuclei. (See Figure 18.16.) 


Hearing p. 485 

Sound waves travel toward the tympanie membrane f which 
vibrates; the auditory ossieles conduct the vibrations to the base 
of the stapes at the oval window. Movement at the oval window 
applies pressure first to the perilymph of the seala vestibuli 
(vestibular duct). This pressure is passed on to the perilymph in the 
seala tympani ( tympanie duct). (See Figure 18.17.) 

Pressure waves distort the basilar membrane and push the hair 
eells of the spiral organ, or organ of Corti, against the teetorial 
membrane. (See Figure 18.17 and Table 18.2.) 


Aiiditory Pathways p. 487 

The sensory neurons for hearing are loeated in the spiral ganglion 
of the eoehlea. Their afferent fibers form the eoehlear nerve that 
synapses at the eoehlear nucleus. (5ee Figure 18.18.) 


18.6 Vision p. 491 

Aeeessory Structures of the Eye p. 491 

The aeeessory structures of the eye include the eyelids, which 
are separated by the palpebral fissure. The eyelashes line 
the palpebral margins. Tarsal glands, which seerete a lipid-rieh 
product f line the inner margins of the eyelids. Glands at the 
laerimal eamnele produce other seeretions. fSee Figure 18.19.) 

An epithelium ealled the conjunctiva eovers most of the exposed 
surface of the eye; the bulbar conjunctiva ( ocular conjunctiva) 
eovers the anterior surface of the eye f and the palpebral 
conjunctiva lines the inner surface of the eyelids. The eornea is 
transparent. (See Figure 18.21.) 

The seeretions of the laerimal gland bathe the conjunctiva; these 
seeretions are slightly alkaline and eontain lysozymes (enzymes 
and antibodies that attaek baeteria). Tears eolleet in the laerimal 
lake. The tears reaeh the inferior meatus of the nasal eavity after 
passing through the laerimal puncta, the laerimal canaliculi f 
the laerimal sae, and the nasolaerimal duct. Collectively, 
these structures constitute the laerimal apparatus. (See Figures 
18.19-18.21.) 


The Eye p. 492 

The eye has three layers: an outer fibrous layer f a vascular layer 
(uvea) f and an inner layer (retina). 

The fibrous layer includes most of the ocular surface f which is 
eovered by the selera (a dense f fibrous eonneetive tissue of the 
fibrous layer); the eorneoseleral junction, or eorneai iimbus, 
is the border between the selera and the eornea. ("See Fiqure 
18.21.) 

The vascular layer includes the iris, the eiliary body, and the 

ehoroid. The iris forms the boundary between the anterior and 
posterior ehambers. The eiliary body eontains the eiliary muscle 

and the eiliary proeesses, which attaeh to the eiliary zonule of 

the lens. (See Figures 18.21 and 18.22.) 

The inner layer (retina) eonsists of an outer pigmented layer 

and an inner neural layer; the latter eontains visual reeeptors and 
assoeiated neurons. fSee Figures 18.21 and 18.23.) 

There are two types of photoreeeptors (visual reeeptors of the 
retina). Rods provide black-and-white vision in dim light; eones 
provide eolor vision in bright light. Cones are eoneentrated in the 
macula; the fovea eentralis is the area of sharpest vision. fSee 
Figures 18.21 and 18.23.) 

The direet line to the CNS proeeeds from the photoreeeptors to 
bipolar cells f then to ganglion cells f and to the brain via the 
optie nerve. Horizontal eells and amaerine eells modify the 
signals passed between other retinal eomponents. (See Figure 
18.2 3 a,b.) 


The aqueous humor continuously circulates within the eye and 
re-enters the circulation after diffusing through the walls of the 
anterior ehamber and into the seleral venous sinus (eanai of 
Sehiemm). (See Figure 18.24.) 
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The lens # held in plaee by the eiliary zonule # lies posterior to the 
eornea and forms the anterior boundary of the vitreous ehamber. 
This ehamber eontains the vitreous body, a gelatinous mass that 
helps stabilize the shape of the eye and support the retina. The 
lens focuses a visual image on the retinal reeeptors. fSee Figures 
18.21 and 18.24.) 

Visual Pathvvays p. 499 

Eaeh photoreeeptor monitors a speeifie reeeptive field. The axons of 
ganglion eells eonverge on the optie dise and proeeed along the 
optie traet to the optie ehiasm. fSee Figures 18.21b,e, 18.23, 18.25, 
and 18.26.) 


From the optie chiasm # after a partial decussation # visual 
information is relayed to the lateral geniculate nuclei. From there 
the information is sent to the visual cortex of the oeeipital lobes. 
fSee Figure 18.26.) 

Visual inputs to the suprachiasmatic nucleus and the pineal 
gland affeet the function of other brainstem nuclei. These 
nuclei establish a viseeral eireadian rhythm that is tied to the 
day-night eyele and affeets other metabolie proeesses. 
fSee Figure 18.26.) 




ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

1. llsing the diagram # fill in the blanks below 
with the proper anatomieal terms. 



(a) _ 

(b) _ 

(e)_ 

(d) _ 

2. A reeeptor that is espeeially eommon in 
the superfieial layers of the skin and that 
responds to pain is a 

(a) proprioeeptor. 

(b) baroreeeptor. 

(e) noeieeptor. 

(d) meehanoreeeptor. 

3. Fine touch and pressure reeeptors provide 
detailed information about 

(a) the source of the stimulus. 

(b) the shape of the stimulus. 

(e) the texture of the stimulus. 

(d) all of the above. 

4. Reeeptors in the saccule and utricle provide 
sensations of 

(a) balanee and equilibrium. 

(b) hearing. 

(e) vibration. 

(d) gravity and linear aeeeleration. 


5. Deep to the subcutaneous layer # the eyelids 
are supported by broad sheets of eonneetive 
tissues # eolleetively termed the 

(a) eyelids. 

(b) tarsal plate. 

(e) ehalazion. 

(d) medial angle. 

6. The inner layer 

(a) eonsists of three distinet layers. 

(b) eontains the photoreeeptors. 

(e) forms the iris. 

(d) all of the above. 

7. The semicircular eanals include which of the 
following? 

(a) dorsal and ventral 

(b) lateral # middle # and medial 

(e) anterior, posterior # and lateral 

(d) spiral, upright # and reverse 

8. Meehanoreeeptors that deteet pressure 
ehanges in the walls of blood vessels as well 
as in portions of the digestive # reproductive # 
and urinary traets are 

(a) taetile reeeptors. 

(b) baroreeeptors. 

(e) proprioeeptors. 

(d) free nerve reeeptors. 

9. Pupillary muscle groups are eontrolled by 
the ANS. Parasympathetie aetivation causes 

pupillary_ # and sympathetie aetivation 

causes_. 

(a) dilation; eonstrietion 

(b) dilation; dilation 

(e) eonstrietion; dilation 

(d) eonstrietion; eonstrietion 

10. Auditory information about the frequency 
and intensity of stimulation is relayed to the 
CNS over the eoehlear nerve # a division of 
eranial nerve 

(a) IV. 

(b) VI. 

(e) VIII. 

(d) X. 


11. Fill in the blanks below with the proper 
anatomieal terms. 



Level 2 Reviewing Concepts 

1. Why is a more severe burn less painful 

initially than a less serious burn of the skin? 

(a) The skin's noeieeptors are burned away 
and eannot transmit pain sensations to 
the CNS. 

(b) A severe burn overwhelms the 
nociceptors # and they adapt rapidly so no 
more pain is felt. 

(e) A mild skin burn registers pain from 
pain reeeptors and many other types 
simultaneously. 

(d) A severe burn is out of the range of 
sensitivity of most pain reeeptors. 
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2. How do the tensor tympani and stapedius 
affeet the functions of the ear? 

(a) They do not affeet hearing, but play an 
important role in equilibrium. 

(b) They inerease the eoehlea's sensitivity to 
vibration produced by ineoming sound 
waves. 

(e) They regulate the opening and elosing of 
the auditory tube. 

(d) They dampen excessively loud sounds 
that could harm sensitive auditory hair 
eells. 

3. A person salivates when antieipating eating 
a tasty eonfeetion. Would this physieal 
response enhanee taste or olfaetion? If so 7 
why? 

(a) No, it would not enhanee either taste or 
olfaetion. 

(b) Salivation permits foods to slide through 
the oral eavity more easily; it has no 
effeet on taste or smell. 

(e) Additional moisture would enhaneethe 
ability of molecules to be dissolved and 
to enter the taste pores more readily 
and thus enhanee taste; similar ehanges 
would enhanee olfaetion. 

(d) Only the sense of taste would be 
enhaneed. 


4. What is reeeptor speeifieity? 

5. What could stimulate the release of an 
inereased quantity of neurotransmitter by 
a hair eell into the synapse with a sensory 
neuron? 

6. What are the functions of hair eells in the 
internal ear? 

7. What is sensory adaptation? 

8. What type of information about a stimulus 
does sensory eoding provide? 

9. What would be the consequence of damage 
to the lamellar corpuscles of the arm? 

10. What is the structural relationship between 
the bony labyrinth and the membranous 
labyrinth? 

Level 3 Critical Thinking 

1. Beth has surgery to remove some polyps 
(growths) from her sinuses. After she heals 
from the surgery 7 she notiees that her sense 
of smell is not as keen as it was before the 
surgery. Provide an accurate explanation. 


2. Jared is 10 months old, and his pediatrieian 
diagnoses him with otitis media. What does 
the physieian tell Jared's mother? 

3. What happens to reduce the effeetiveness of 
your sense of taste when you have a eold? 


MasteringA&P" 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes f ehapter Praetiee 
Test f eiinieal Cases f and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy 
topies 





CLINICAL CASE I WRAP-UP 



John's ENT doetor listens to his story f does a quick hearing test f and 
looks into his ears with an otoseope. "Your physieal examination 
seems normal now," she tells John. "But we both know what 
happened to you is not normal. I think you have suffered an episode 
of Ménière's disease." 

Prosper Ménière f a Freneh physieian in the mid-19th century f 
first deseribed an episodie eondition involving vertigo f tinnitus f and 
hearing loss. Ménière's disease is a disorder of the internal ear. The 
cause is unknown f but it may be due to a buildup of endolymph 
in the internal ear. Because endolymph circulates throughout the 
semicircular canals f utricle f saccule f and cochlea f abnormal buildup 
ean affeet both balanee and hearing. This excessive pressure pushes 
on the hair eells attaehed to the walls of the ampullae f sending 
abnormal messages to the sensory reeeptors. The otoliths within the 
maculae of the vestibule move abnormally as well f contributing to the 
sense of vertigo. The hair eells of the eoehlear duct within the spiral 
organ send abnormal sensory signals f causing tinnitus and temporary 
hearing loss. 

John's doetor reeommends a diet low in salt and preseribes a 
diuretic ("water pill") to deerease fluid volume in ease of another 
attaek. She also preseribes an anti-vertigo medieation to keep on 
hand. She knows that John # s Ménière's disease is likely to recur 
episodieally. 




1. When John's doetor looked into his external auditory canal f could 
she actually see into his internal ear? 

2. Does Ménière's disease affeet the conduction of sound through the 
middle ear? Explain. 


5ee the blue Ansvvers tab at the baek of the book. 
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Related Oinieal Terms 


L_ 


ageusia: A rare inability to taste. More 
eommon is hypogeosia, a disorder in 
which the person affeeted has trouble 
distinguishing between tastes. 

mydriasis: Dilation of the pupils of the eye 
induced by medieal eye drops or caused by 
disease. 

otalgia: Pain in the ear; an earaehe. 


photophobia: An oversensitivity to light 
possibly leading to tearing, diseomfort, 
or pain. Causes include abrasions to the 
eorneal area # inflammation, disease, and 
some medieations. 

tinnitus: A buzzing # whistling # or ringing 
sound heard in the absenee of an external 


stimulus. Causes include injury # disease # 
inflammation, or some drugs. 

vertigo: A feeling that you are dizzily spinning 
or that things are dizzily turning about 
you. Vertigo is usually caused by a problem 
with the internal ear # but ean also be due to 
vision problems. 


r 
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These Learning Oiiteomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 




19.2 


Define hormone and target tissue; name the 
major elasses of hormones based on structure, 
and deseribe an endoerine positive feedbaek 
response. p. 507 

Deseribe the anatomy of the anterior lobe 
and posterior lobe of the pituitary gland and 
discuss the hormones they release. p. 508 



Deseribe the anatomy of the thyroid gland and 
discuss the aetions of the hormones released 
from this gland. p. 509 

Deseribe the anatomy of the parathyroid 
gland and discuss the aetions of the hormone 
released from this gland. p. 515 

Compare and eontrast the anatomy of the 
thymus in a prepubescent individual vvith that 
in an adult individual. p. 516 

List the eell types of the adrenal cortex and 
adrenal medulla and deseribe the hormones 
produced by eaeh eell type. p. 516 



Discuss the functions of the hormones 
produced by the kidneys and the heart. p. 518 



List the four eell types of the endoerine 
panereas and the hormones produced by eaeh 
eell type. p. 518 



Compare and eontrast the hormones produced 
by the testes and ovaries. p. 520 

List the functions of the hormone produced by 
pinealoeytes. p. 521 




List two major functional ehanges that occur in 
the endoerine system as a person ages. p. 524 



rf 







*■ m 



Why Am I So Cold and Tired? 

Kathy, a 50-year-old laboratory teehnieian, has always been an aetive person. 
After raising her three ehildren and now working at a job she really enjoys, 
she should be on top of the world. Instead, she feels eold and tired all the 
time. She has gained 20 pounds over the past year. Her libido (sex drive) has 
been in the basement. In addition to depression, memory loss # and ehronie 
eonstipation, she is not happy about ehanges in her physieal appearanee. Her 
hair has beeome eoarse and dry and falls out, no matter what products she 
uses. Her skin is rough and dry. Her faee is puffy and her voiee has beeome 
hoarse. Instead of her menstrual periods lessening with menopause, they 
have beeome heavierthan normal and are unpredictable. 

Kathy's doetor took some blood for testing during her last visit. Now, at 
her follow-up appointment, Kathy learns that her heart rate is slow and her 
eholesterol is high. As she wonders how her metabolism has gotten so screwed 
up, her doetor says, "Kathy, the rest of these blood tests tell me exactly what is 
going on with you, and, I am happy to say, we ean fix every problem you have." 

What is causing Kathy's metabolie problems? To find out, turn to the 
dinieal Case Wrap-Up on p. 527. 
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HOMEOSTASIS INVOLVES eoordinating the aetivities of the various organs and 
systems throughout the body. At any given moment, eells of the nervous and 
endoerine systems are working together, monitoring and adjusting the body's 
physiologieal aetivities. The aetivities of these two systems are eoordinated elosely, 
and their effeets are usually eomplementary. The nervous system produces short- 
term (lasting a few seeonds) responses to environmental stimuli. In eontrast, the 
endoerine system produces long-term responses by releasing ehemieals direetly 
into the bloodstream to be distributed throughout the body. These ehemieals, 
ealled hormones (meaning “to excite”), alter the metabolie aetivities of many 
different tissues and organs simultaneously. The hormonal effeets may not be 
apparent immediately, but they ean last for days. This makes the endoerine sys- 
tem effeetive in regulating ongoing proeesses such as growth and development. 

At the gross anatomy level, the nervous and endoerine systems are eas- 
ily distinguished. Yet when their functions are analyzed, these two systems are 
difficult to separate. For example, the adrenal medulla is a modified sympa- 
thetie ganglion whose neurons seerete epinephrine and norepinephrine into 
the bloodstream. Therefore, the adrenal medulla is an endoerine structure that 
is functionally part of the nervous system. The hypothalamus, however, which 
is anatomieally part of the brain, seeretes various hormones and is functionally 
part of the endoerine system. 


This ehapter deseribes the anatomy and physiology of the endoerine sys- 
tem. We will also eonsider the interaetions between the endoerine and nervous 
systems. 

19.1 An Overview of the Endoerine 

System 

► KEY POINT There are three elasses of hormones: amino aeid derivatives, 
peptide hormones, and lipid derivatives. All three types influence cellular 
operations by ehanging the types, aetivities, or quantities of key eytoplasmie 
enzymes. 

The endoerine system includes all the endoerine eells and tissues of the body 
that produce hormones. Endoerine eells are glandular seeretory eells that 
release hormones direetly into the interstitial fluids, lymphatie system, or blood. 
These hormones are ehemieal messengers that stimulate speeifie eells or tis- 
sues into aetion. The major endoerine glands and the hormones they release are 
shown in ure 19.1 . 


Figure 19.1 The Endoerine System. Loeation of endoerine glands and endoerine eells and the major 
hormones produced by eaeh gland. 


KEY TO PITIIITARY HORMONES 

ACTH Adrenoeortieotropie hormone 
TSH Thyroid-stimulating hormone 
GH Grovvth hormone 

PRL Prolaetin 

FSH Follicle-stimulating hormone 

LH Luteinizing hormone 

MSH Melanocyte-stimulating hormone 
ADH Antidiuretic hormone 


Hypothalamus 

Antidiuretic hormone (ADH), 
oxytocin (OXT), and 
regulatory hormones 


Pituitary Gland 

Anterior lobe 

ACTH, TSH, GH, PRL, 
FSH, LH, and MSH 
Posterior lobe 

Release of OXT and ADH 


Thyroid Gland 

Thyroxine (T 4 ) 
Triiodothyronine (T 3 ) 
Oaleitonin (CT) 


Adrenal Glands 

Medulla 

Epinephrine (E) 
Norepinephrine (NE) 
Cortex 

Oortisol, eortieosterone, 
aldosterone, androgens 




Panereatie Islets 



lnsulin, glucagon 




Pineal Gland 

Melatonin 


Parathyroid Glands 

(on posterior surface of 
thyroid gland) 

Parathyroid hormone (PTH) 


■ 


Organs with Seeondary 
Endoerine Functions 


Heart 

Atrial natriuretic peptide (ANP) 
Brain natriuretic peptide (BNP) 


Thymus (Llndergoes atrophy 
during adulthood) 

Thymosins 


Adipose Tissue 

Leptin 

Resistin 


Digestive Traet 

Numerous hormones 


Kidneys 

Erythropoietin (EPO) 
Oaleitriol 


Gonads: 



(male) 
Androgens (espeeially 
testosterone), 
inhibin 


Ovaries (female) 
Estrogens, progesterone, 
inhibin 


See 

Ohapter 
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See 
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Ohapters 
27 and 28 
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Hormones regulate the metabolie operations of target eells—peripheral 
eells that respond to the presenee of that hormone. Hormones are organized 
into three main elasses based on their ehemieal structure: 

o Amino aeid derivatives are small molecules that are structurally similar 
to amino aeids. Examples include (1) derivatives of tyrosine, such as the 
thyroid hormones released by the thyroid gland and the eateeholamines 
(epinephrine, norepinephrine, and dopamine) released by the adrenal 
medulla; and (2) derivatives of tryptophan, such as melatonin synthesized 
by the pineal gland. 

o Peptide hormones, the largest group of hormones, are ehains of amino 
aeids. The hormones released by the pituitary gland are examples of pep- 
tide hormones. 

o Lipid derivatives ean be divided into two groups: eieosanoids and ster- 
oid hormones. Eieosanoids (í-kò-sa-noydz) are small molecules with a 
five-earbon ring at one end. Most body eells release eieosanoids, which 
eoordinate cellular aetivities and affeet enzymatie proeesses (such as blood 
elotting). Steroid hormones are lipids that are structurally similar to eholes- 
terol. Reproductive organs and the adrenal cortex release steroid hormones. 

Enzymes eontrol all cellular aetivities and metabolie reaetions. Hormones 
influence cellular operations by ehanging the types, aetivities, or quantities of 
key eytoplasmie enzymes. Eaeh hormone has target eells, speeifie eells that 
have reeeptors needed to bind hormones and respond to their presenee. Endo- 
erine aetivity is triggered by (1) humoral stimuli (ehanges in the eomposition 
of the extracellular fluid), (2) hormonal stimuli (the arrival or removal of a 
speeifie hormone), or (3) neural stimuli (the arrival of neurotransmitters at 
neuroglandular junctions). In most eases, negative feedbaek regulates endo- 

I erine responses. 

Positive feedbaek responses regulate some endoerine proeesses that must 
be rnshed to eompletion. In these instanees, the seeretion of a hormone pro- 
duces an effeet that further stimulates hormone release. An example of posi- 
tive feedbaek occurs during labor and delivery: Oxytocin release causes uterine 
smooth muscle eontraetions, and the uterine eontraetions further stimulate 
oxytocin release. 

19.1 CONCEPT CHECK 

1 What is a target eell? What is the relationship 
betvveen a hormone and its target eell? 

See the blue Ansvvers tab at the baek of the book. 

19.2 Hypothalamiis and the Pitiiitary 

Gland 

► KEY POINT The hypothalamus eoordinates the aetivity of the pituitary gland. 
The pituitary gland is eomposed of glandular epithelial eells and neural seeretory 
tissue. The pituitary is subdivided into the posterior lobe and the anterior lobe. 

The hypothalamus provides the highest level of endoerine eontrol. It inte- 
grates the aetivities of the nervous and endoerine systems (neural stim- 
uli) and has a elose relationship with both lobes of the pituitary gland. The 
pituitary gland, or hypophysis (hl-POF-i-sis), weighs one-fifth of an 
ounce (~6 g) and is the most eompaet ehemieal faetory in the body. This 
small, oval gland, about the size and weight of a small grape, lies inferior to 
the hypothalamus within the sella turcica, a depression in the sphenoid. The 
infundibulum (in-fun-DIB-u-lum) extends from the hypothalamus inferiorly 
to the posterior and superior surfaces of the pituitary gland. The diaphragma 
sellae is a dural sheet that eneireles the infundibulum and holds the pituitary 


gland in position within the sella turcica. The hypothalamus regulates the 
functions of both the anterior and posterior lobes of the pituitary gland. It also 
integrates the aetivities of the nervous and endoerine systems in three ways 

(Spotlight Figure 19.2). 

Hypophyseal Portal System 

The hypothalamus eontrols the production of hormones in the anterior lobe 
of the pituitary gland by seereting speeifie regulatory hormones. At the median 
eminenee, a swelling near the attaehment of the infundibulum, hypotha- 
lamie nemons release regulatory hormones. Before leaving the hypothalamus, 
eapillary networks unite to form a series of larger vessels that spiral around 
the infundibulum to reaeh the anterior lobe. In the anterior lobe, these ves- 
sels form a seeond eapillary network that branehes among the endoerine eells. 
This particular network is the hypophyseal (hl-pò-FIZ-è-al) portal system 
(Spotlight Figure 19.2). 

The Anterior Lobe of the Pituitary Gland 

► KEY POINT The anterior lobe of the pituitary gland seeretes seven hormones. 
These hormones regulate other endoerine glands and stimulate some nonendo- 
erine tissues. 

The anterior lobe of the pituitary gland, also ealled the adenohypophysis 
(ad-e-nò-hl-POF-i-sis), eontains a variety of endoerine eells. The anterior lobe 
has three regions: the pars distalis, pars tuberalis, and pars intermedia. 
An extensive eapillary network radiates through these regions, giving every endo- 
erine eell immediate aeeess to the bloodstream. Hormones of the anterior lobe 
include thyroid-stimulating hormone (TSH), adrenoeortieotropie hormone 
(ACTH), growth hormone (GH), prolaetin (PRL), follicle-stimulating hormone 
(FSH), and luteinizing hormone (LH). Melanocyte-stimulating hormone (MSH) 
is produced by the pars intermedia (Spotlight Figure 19.2 and Figure 19.3). 

o Thyroid-stirmilating hormone (TSH) is seereted by eells of the pars 
distalis ealled thyrotropes. TSH targets the thyroid gland and triggers the 
release of thyroid hormones. 

o Adrenoeortieotropie hormone (ACTH) stimulates the release of steroid 
hormones from the adrenal cortex. ACTH speeifieally targets eells produc- 
ing hormones ealled glucocorticoids (glu-kò-KOR-ti-koyds) (GC). Glu- 
eoeortieoids affeet glucose metabolism. The eells seereting ACTH are ealled 
eortieotropes. 

o Follicle-stimulating hormone (FSH) is seereted by eells ealled gon- 
adotropes. FSH promotes the development of ooeytes (female gametes) 
within the ovaries of mature women. The development of ooeytes occurs 
within structures ealled follieles. FSH also stimulates the seeretion of 
estrogens (ES-trò-jens) by follicular eells within the ovary. Estrogens, 
which are steroid hormones, are female sex hormones. Estradiol is the 
most important estrogen. In men, FSH seeretion supports sperm produc- 
tion in the testes. 

o Luteinizing (LOO-te-in-i-zing) hormone (LH) induces ovulation 
in women. LH promotes the seeretion of progestins (prò-JES-tinz) 
by the ovary. Progestins are steroid hormones that prepare the body for 
pregnaney. Progesterone is the most important progestin. In men, LH 
stimulates the production of male sex hormones ealled androgens 
(AN-drò-jenz; andros, man) by the interstitial eells of the testes. Testos- 
terone is the most important androgen. Because FSH and LH regulate 
the aetivities of the male and female sex organs (gonads), they are ealled 
gonadotropins (gò-nad-ò-TRÓ-pinz). 

e Prolaetin (pro-LAK-tin; pro-, before, + lae, milk) (PRL) is seereted by eells 
ealled laetotropes. PRL stimulates the development of the mammary 
glands and the production of milk. The mammary glands are regulated by 
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the interaetion of a number of other hormones, including estrogen, pro- 
gesterone, growth hormone, glucocorticoids, and hormones produced by 
the plaeenta. However, PRL exerts the greatest effeet on the glandular eells. 
The functions of prolaetin in males are poorly understood. 

o Growth hormone (GH) is also ealled human growth hormone ( HGH ) or 
somatotropin (soma , body). GH stimulates eell growth and replieation by 
aeeelerating the rate of protein synthesis. Cells ealled somatotrophs seerete 
GH. Every tissue responds to GH to some degree. However, GH promotes 
protein synthesis and cellular growth in bone and muscle eells. Liver eells 
also respond to GH by synthesizing and releasing somatomedins. Somat- 
omedins are peptide hormones that stimulate protein synthesis and eell 
growth in skeletal muscle fibers, eartilage eells, and many other target 
eells. ehildren unable to produce adequate eoneentrations of growth hor- 
mone have pituitary growth failure, sometimes ealled pituitary dwarfism. 
These individuals do not experience the steady growth and maturation that 
preeede and aeeompany puberty. 

o Melanocyte-stimulating hormone (MSH) is the only hormone 
released by the pars intermedia. MSH inereases the rate of melanin 
production and distribution in the melanoeytes of the skin. MSH is 
seereted by eortieotropes (also termed ACTH eells ) only during fetal 
development, in young ehildren, in pregnant women, and in some dis- 
ease states. 

The Posterior Lobe of the Pituitary Gland 

► KEY POINT The posterior lobe of the pituitary gland is an extension of the 
eentral nervous system. The posterior lobe stores and releases two hormones pro- 
duced by the hypothalamus: antidiuretic hormone and oxytocin. 

The posterior lobe of the pituitary gland, also ealled the neurohypophysis 
(nu-rò-hT-POF-i-sis), eontains the axons of hypothalamie neurons. The poste- 
rior lobe does not have a portal system. The inferior hypophyseal artery deliv- 
ers blood to it, and the hypophyseal veins earry blood and hormones away. 
The posterior lobe releases two hormones: antidiuretic hormone (ADH) and 
oxytocin (OXT) (Spotlight Figure 19.2 and =igure 19.3). 

o Antidiuretic hormone (ADH), or vasopressin, is released in response to a 
variety of stimuli, including (1) a rise in the eoneentration of eleetrolytes 
in the blood or (2) a fall in blood volume or blood pressure. ADH deereases 
the amount of urine produced by the kidneys. ADH also causes eonstrie- 
tion of peripheral blood vessels, which elevates blood pressure. 

o Oxytocin (ok-se-TO-sin; oxy~, quick, + tokos, ehildbirth) stimulates 
the eontraetions of (1) smooth muscle eells in the uterus and (2) 
eontraetile (myoepithelial) eells surrounding the seeretory eells of 
the mammary glands. Stimulation of uterine muscles by oxytocin is 
required for normal labor and ehildbirth. After birth, the suckling of 
an infant at the breast stimulates the release of oxytocin into the blood. 
Oxytocin then stimulates eontraetion of the myoepithelial eells in the 
mammary glands, causing the diseharge of milk from the nipple. In 
males, oxytocin causes smooth muscle eontraetions in the ductus defer- 
ens and prostate. 



CONCEPT CHECK 

2 Which brain region eontrols production of hormones 
in the pituitary gland? 

3 Identify the two regions of the pituitary gland and 
deseribe how hormone release is eontrolled for eaeh. 


5ee the blue Answers tab at the baek of the book. 



CLINICAL NOTE 


Diabetes lnsipidus 


There are several different forms of diabetes, all 
eharaeterized by excessive urine production (polyuria). 
Although diabetes ean be caused by physieal damage to the kid- 
neys, most forms are the result of endoerine abnormalities. The 
two most important forms are diabetes insipidus # eonsidered here, 
and diabetes mellitos, eonsidered later. 

Diabetes insipidus develops when the neurohypophysis # or 
posterior lobe of the pituitary gland # no longer releases adequate 
amounts of antidiuretic hormone (ADH). Water eonservation by the 
kidneys is impaired # and excessive amounts of water are lost in the 
urine. As a result # an individual with diabetes insipidus is eonstantly 
thirsty, but fluids consumed are not retained by the body. Mild 
eases may not require treatment # as long as fluid and eleetrolyte 
intake keep paee with urinary losses. In severe diabetes insipidus # 
the fluid losses ean reaeh 10 liters per day # and fatal dehydration 
will occur unless treatment is provided. Administering a synthetie 
form of ADH # desmopressin aeetate (DDAVP) # in a nasal spray eon- 
eentrates the urine and reduces urine volume. The drug enters the 
bloodstream after diffusing through the nasal epithelium. It is also 
an effeetive treatment for bed-wetting if used at bedtime. 



19.3 The Thyroid Gland 

► KEY POINT Shaped like a butterfly # the thyroid gland has two main lobes 

and an extensive blood supply. 

The thyroid gland is loeated on the anterior surface of the traehea (wind- 
pipe) inferior to the thyroid (“shield-shaped”) and erieoid (KRl-koyd; “ring- 
shaped”) eartilages of the larynx gure 19.4a). Because of its loeation, 
you ean feel the thyroid gland with your fingers. The size of the thyroid gland 
varies eonsiderably, depending on heredity, environment, and nutrition. 
When something goes wrong with the gland it often enlarges and beeomes 
prominent. 

The thyroid gland has a deep red eolor because of the large number 
of blood vessels supplying it. The thyroid is supplied with blood from two 
sources: a pair of superior thyroid arteries, which are branehes of the exter- 
nal earotid arteries (major arteries in the neek), and a pair of inferior thyroid 
arteries, branehes of the thyroeervieal trunks. Venous drainage of the gland 
is through (1) the superior and middle thyroid veins, which drain into the 
internal jugular veins (major veins of the neek), and (2) the inferior thyroid 
veins, which drain into the braehioeephalie veins (major veins that form the 
superior vena eava). 

The thyroid gland has two main lobes, giving it a butterfly-like appear- 
anee. The two lobes are joined by a slender eonneetion, the isthmus 
(IS-mus). The superior portions of the gland extend over the lateral surface 
of the traehea toward the inferior border of the thyroid eartilage. Inferiorly, 
the thyroid gland extends to the seeond or third eartilage ring of the traehea. 
A thin eonneetive tissue capsule attaehes the thyroid gland to the traehea. 
The capsule of the thyroid extends inward and is continuous with the eon- 
neetive tissue partitions that divide the glandular tissue and surround the 
thyroid follieles. 
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FIGIIRE 19.2 

spotlight~1 Neuroendocrine Integration: The Hypothalamus 

and Pituitary Gland 
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hypothalamus integrate the 
aetivities of the nervous and 
endoerine systems in three 
different ways. 




Hypothalamie 
neurons produce 
the hormones 

antidiiiretie 
hormone (ADH) 
and oxytocin (OXT). 

After transport along 
their axons, these 
hormones are 


released from the 


posterior lobe of the 
pituitary gland. 


Infundibulum 
(eonneetion between 
hypothalamus and 
the pituitary gland) 


Anterior lobe of 
pituitary gland 
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Integrative eenters in the hypothalamus 
release regulatory hormones. These 
regulatory hormones eontrol the 
aetivity of the anterior lobe of the 
pituitary gland. Regulatory hormones 
reaeh their targets by the hypophyseal 
portal system, detailed below. 
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hormone seeretion from 
the adrenal gland by 
sympathetie preganglionie 
motor neurons. 


Preganglionie 
motor fibers 


HYPOTHALAMLIS 


Adrenal cortex 


Adrenal medulla 


Posterior lobe of 


pituitary gland 


(neurohypophysis) 


Adrenal 

gland 


Seeretion of multiple hormones that 
eontrol other endoerine organs 


Release of ADH and OXT. These hormones are 
ealled neurosecretions because they are produced 
and released by neurons. 


Seeretion of epinephrine (E) 
and norepinephrine (NE) 


The Hypophyseal Portal System 


Near the attaehment of the infundibulum 
hypothalamie neurons, shovvn in purple, 
release regulatory hormones into the 
surrounding interstitial fluids. These 
hormones diffuse into the primary 
eapillary plexus and are delivered to the 
anterior lobe. These blood vessels form 
a seeondary eapillary plexus that 
surrounds the endoerine eells in that 
area. A blood vessel that eonneets tvvo 
eapillary beds is ealled a portal vessel. 
The entire netvvork eonneeting the 
hypothalamus and the anterior lobe is 
ealled the hypophyseal portal system. 
Tvvo different elasses of regulatory 
hormones, releasing hormones (RH) 
and inhibiting hormones (IH), are 
delivered this vvay. Releasing 
hormones inerease the rate 
of anterior pituitary hormone 
seeretion. Inhibiting 
hormones prevent anterior 
pituitary hormone seeretion. 

Eaeh targets different 
endoerine eells. 


Supra-optic nuclei 


Paraventricular nuclei 
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(production of ADH) (production of oxytocin) 


Anterior lobe 


Seeondary eapillary 

plexus 

Posterior lobe 


Endoerine eells 


Mamillary 



The superior hypophyseal artery delivers 
blood to the primary eapillary píexus. 


The portal vessels deliver blood eontaining 


regulatory hormones to the seeondary 
eapillary plexus within the anterior lobe. 


The inferior hypophyseal artery delivers blood 
to a eapillary plexus in the posterior lobe. 

This plexus pieks up the ADH and OXT 
released by the axons of the hypothalamie 
neurons shown in green. 


Hypophyseal veins earry blood eontaining the 
pituitary hormones for delivery to the rest of 
the body. 
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The pituitary gland has two lobes: the 
anterior lobe, or adenohypophysis, and 
the posterior lobe, or neurohypophysis. 

The anterior lobe is subdivided into three 
regions: (1) a large pars distalis, which 
represents the major portion of the pituitary 
gland; (2) a slender pars intermedia, 
which forms a narrow band adjaeent to the 
posteror lobe; and (3) an extension ealled 
the pars tuberalis, which wraps around 
the adjaeent portion of the infundibulum. 
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• Thyroid-stimulating hormone 
(TSH) 

• Adrenoeortieotropie hormone 
(ACTH) 

• Grovvth hormone (GH) 

• Prolaetin (PRL) 

• Follicle-stimulating hormone 
(FSH) 

• Luteinizing hormone (LH) 
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• Antidiuretic hormone (ADH) 

• Oxytocin (OXT) 


Histologieal 
organization of 
the pituitary gland 

LM x 100 


Pars intermedia- 

Seeretes melanoeyte- 
stimulating hormone (MSH) 


HYPOTHALAMLJS 


The Anterior Lobe The Posterior Lobe 


The riehly vascularized anterior lobe of the pituitary eontains five 
different eell types and produces seven different hormones. The pars 
distalis produces grovvth hormone, vvhieh has vvidespread effeets on 
metabolism, plus five hormones that regulate hormone production by 
other endoerine glands. The small pars intermedia produces a single 
hormone, MSH, vvhieh stimulates melanoeyte production of melanin. 
Hormones regulating the seeretion of other glands are termed tropie 
hormones, and their names indieate their aetivities. For example, 
thyroid-stimulating hormone (TSH) targets the thyroid gland and 
triggers the release of thyroid hormones. 


The posterior lobe of the pituitary eontains the axons and axon 
terminals of roughly 50,000 hypothalamie neurons. The neuronal 
eell bodies are either in the supra-optic or paraventricular nuclei of 
the hypothalamus. The supra-optic nuclei produce ADH, and the 
paraventricular nuclei produce OXT. 
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Hypothalanrms 


Indireet Control through Release 
of Regulatory Hormones 


Direet Release 
of Hormones 


Regulatory hormones are released into 
the hypophyseal portal system for delivery 
to the anterior lobe of the pituitary. 


Sensory 


Osmoreeeptor 


stimulation stimulation 


LFìgure 19.3 Pituitary Hormones and Their Targets. This sehematie 
diagram shovvs the hypothalamie eontrol of the pituitary gland # the pituitary 
hormones produced # and the responses of representative target tissues. 
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Antidiuretic hormone (ADH) 


Antidiuretic 
hormone, or 
vasopressin, 
targets the 
kidneys. It 
promotes the 
reabsorption of 
water and 
elevation of both 
blood volume and 
blood pressure. 



Kidney 


Oxytocin (OXT) 


Oxytocin (OXT) targets the 
uterus and mammary glands 
in females. It causes labor 
eontraetions and milk 
ejeetion. 


In males, oxytocin targets the 
ductus deferens and prostate 
This causes eontraetions of 
the ductus deferens and 
prostate and ejeetion of 
seeretions. 



Uterus 



Prostate 


Anterior Pituitary Hormones 


Thyroid- 
stinrmlating 
hormone (TSH) 


Thyroid-stimulating 
hormone (TSH) 
targets the thyroid 
gland. It stimulates 
the production of 
thyroid hormones 
(T3, T 4 ). 
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Adrenoeortieo- 
tropie hormone 
(ACTH) targets the 
adrenal cortex. It 
stimulates 
glucocorticoid 
seeretion. 
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Follicle-stimulating 
hormone (FSH) 


Luteinizing hormone 
(LH) 


Follicle-stimulating hormone 
(FSH) targets follicular eells 
in the ovaries of females 
and nurse eells in the testes 
of males. FSH stimulates 
folliele development and 
estrogen seeretion in 
females and sperm 
maturation in males. 
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Ovary 


Luteinizing hormone (LH) 
targets follicular eells in 
the ovaries of females 
and interstitial eells in the 
testes of males. In 
females, LH stimulates 
ovulation, corpus luteum 
formation, and proges- 
terone seeretion. 



Testis 


Prolaetin (PRL) 


Prolaetin (PRL) 
targets the female 
mammary glands 
and stimulates 
milk production. 



Mammary gland 


Growth hormone 
(GH) 


Growth hormone 
(GH) targets all 
eells in the body. It 
stimulates growth, 
protein synthesis, 
lipid mobilization, 
and eatabolism. 


Musculo- 

skeletal 

system 



Melanoeyte- 
stimulating 
hormone (MSH) 


Melanoeyte- 
stimulating 
hormone (MSH) 
targets 

melanoeytes. It 
stimulates 
inereased melanin 
production in 
the epidermis. 



Melanoeyte 


Thyroid Follides and Thyroid Hormones 

► KEY POINT The functional unit of the thyroid gland is the thyroid folliele. 
The follicular epithelium has tvvo eell types: T thyroeytes and C thyroeytes. 

Thyroid follieles manufacture, store, and seerete thyroid hormones. A sim- 
ple cuboidal epithelium eomposed of T thyroeytes (also termed follieiilar eells ) 
lines the folliele gure 19.4b,c' . The aetivity of the gland determines the 
shape and size of the follicular epithelium. An inaetive gland will have a very 
low, simple cuboidal epithelium, while a highly aetive gland will have a simple 


columnar epithelium. The T thyroeytes surround a folliele eavity, which eon- 
tains eolloid, a viscous fluid eontaining large quantities of suspended pro- 
teins. The structure of a thyroid folliele is spherieal, similar to a tennis ball. 
The “fuzzy” part of the tennis ball represents the basement membrane of the 
follicular epithelium. The rnbber wall of the tennis ball represents the follicular 
epithelium, and the hollow eentral portion of the tennis ball represents the 
folliele eavity. 

A network of eapillaries surrounds eaeh folliele. These eapillaries deliver 
nutrients and regulatory hormones to the follicular eells and remove their 
seeretory products and metabolie wastes. 
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Figure 19.4 Anatomy and Histologieal Organization of the Thyroid 
Gland 
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The T thyroeytes are protein seeretors. Therefore, they have large nmnbers 
of mitoehondria and an extensive rough endoplasmie reticulum. Folliele eells 
synthesize a globular protein ealled thyroglobulin (thI-rò-GLOB-u-lin). The 
thyroglobulin is then seereted into the eolloid of the thyroid folliele. Thyro- 
globulin eontains molecules of the amino aeid tyrosine, the building bloek of 
thyroid hormones. The T thyroeytes aetively transport iodide ions (I - ) into the 
eell from the interstitial fluid. The iodide is eonverted to an atom of iodine 
(1°). This reaetion, which occurs at the apieal membrane surface, also attaehes 
two iodine atoms to the tyrosine molecules of the thyroglobulin molecule 
within the folliele eavity. The thyroid hormone thyroxine (thl-ROK-sèn), also 
ealled tetraiodothyronine, or T 4 , eontains four iodine atoms. A related molecule 
ealled triiodothyronine (T 3 ), eontains three iodine atoms. The thyroid gland is 
the only endoerine gland that stores its hormone product extracellularly. 

The eoneentration of thyroid-stimulating hormone (TSH) circulating in the 
blood regulates both the synthesis and release of thyroid hormones gure 19.5 . 
TSH stimulates the aetive transport of iodide into the folliele eells and is released 
in response to thyrotropin-releasing hormone (TRH) from the hypothalamus. 


TRH is released into the hypophyseal portal system. Under the influence of TSH, 
folliele eells remove thyroglobulin from the follieles by endoeytosis. Next, lyso- 
somal enzymes break down the thyroglobulin, releasing molecules of T 3 and T 4 . 
These hormones diffuse out of the eell and enter the bloodstream. About 90 per- 
eent of all thyroid seeretion is T 4 ; T 3 is seereted in eomparatively small amounts. 
These two thyroid hormones inerease the rate of cellular metabolism and oxygen 
consumption in almost every body eell (Table 19.1). 

The C Thyroeytes of the Thyroid Gland 

► KEY POINT C thyroeytes lie within the basement membrane of the thyroid 
follieles. These eells seerete ealeitonin, which helps regulate calcium eoneentra- 
tions in blood. 

The thyroid also eontains a seeond type of endoerine eell. These eells are 
C (elear) thyroeytes, or parafollicular eells. They lie sandwiched between 
the cuboidal folliele eells and their basement membrane. They are larger than 


Figure 19.5 The Regulation of Thyroid Seeretion. This negative feedbaek loop is responsible for 
the homeostatie eontrol of thyroid hormone release. TRH = thyrotropin-releasing hormone; TSH = 
thyroid-stimulating hormone. 
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Table 19.1 


Hormones of the Thyroid Gland, Parathyroid Glands, and Thymus 


Gland/Cells 

Hormones 

Targets 

Effeets 

THYROID GLAND 

T thyroeytes 

Thyroxine (T 4 ), triiodothyronine (T 3 ) 

Most eells 

inerease energy utilization; inerease oxygen consumption, growth, and 
development 

C thyroeytes 

Calcitonin (CT) 

Bone and kidneys 

Deereases calcium ion eoneentrations in body fluids; uncertain signifieanee 
in healthy nonpregnant adults 

PARATHYROID GLAND 

Parathyroid eells 

Parathyroid hormone (PTH) 

Bone and kidneys 

inereases calcium ion eoneentrations in body fluids; inereases bone mass 

THYMUS 

Epithelial reticular eells 

Thymosins (see ehapter 23) 

Lymphoeytes 

Maturation and functional eompetenee of imrrmne system 
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Figure 19.6 Anatomy and Histologieal Organization of the Parathyroid Glands. There are usually 
four separate parathyroid glands bound to the posterior surface of the thyroid gland. 



Left lobe of 
thyroid gland 


Parathyroid 

glands 



The loeation and size of the parathyroid 
glands on the posterior surface of the 
thyroid lobes 


Thyroid 

follieles 


Blood vessel 


Connective 
tissue capsule 
parathyroid 

gland 




Parathyroid 
(prineipal) eells 


the cuboidal follicular eells and do not stain as elearly -igure 19.4c] . C thyro- 
eytes produce the hormone ealeitonin (kal-si-TÓ-nin) (CT). Calcitonin helps 
regulate calcium ion eoneentrations in body fluids, espeeially during ehildhood. 
Calcitonin is probably most important during ehildhood, when it stimulates 
skeletal grovvth. It also appears to be important in reducing the loss of bone 
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mass (1) during prolonged starvation and (2) in the late stages of pregnaney. 
The aetions of ealeitonin are outlined in Table 19.1. 



A histologieal seetion showing parathyroid eells 
and oxyphil eells of the parathyroid gland 



CONCEPT CHECK 

4 Identify the hormones of the thyroid gland. 

See the blue Ansvvers tab at the baek of the book. 


19.4 The Parathyroid Glands 

► KEY POINT There are typieally four parathyroid glands loeated on the pos- 
terior surface of the thyroid: two superior and two inferior parathyroid glands. 
They produce parathyroid hormone, which regulates calcium and phosphate lev- 
els in the bloodstream. 

The four pea-sized, reddish brown parathyroid glands are typieally loeated on 
the posterior surfaces of the thyroid gland, embedded within the eonneetive 
tissue of the thyroid gland igure 19.6a). The parathyroid glands are sur- 
rounded by a eonneetive tissue capsule. The eonneetive tissue from the capsule 
extends into the interior of the gland, forming small, irregular lobules. 

Blood is supplied to the superior parathyroid glands by the superior thy- 
roid arteries and to the inferior pair by the inferior thyroid arteries. The venous 
drainage for the parathyroid glands is the same as for the thyroid. 

There are two types of eells in the parathyroid gland: parathyroid eells 
and oxyphil eells. Parathyroid eells (also termed prineipal eells ) produce 


parathyroid hormone (PTH). The functions of the oxyphil eells are unknown. 
They do not appear until after puberty, and then their numbers inerease with age 

(Figure 19.6b,c). 

Like the C thyroeytes of the thyroid, the parathyroid eells monitor the eon- 
eentration of ealeimn ions in the bloodstream. When the calcium eoneentra- 
tion falls below normal, the parathyroid eells seerete PTH. PTH inereases blood 
levels of Ca 2 + by stimulating osteoblasts to seerete a growth faetor that binds to 
osteoelasts. This grovvth faetor results in an inerease is osteoelast aetivity, caus- 
ing blood calcium eoneentration to inerease. PTH also reduces urinary excre- 
tion of calcium ions, and it stimulates the production of ealeitriol, a kidney 
hormone that promotes intestinal absorption of calcium. PTH levels remain 
elevated until blood Ca 2+ eoneentrations return to normal (Table 19.1). PTH 
has been shown to be effeetive in reducing the progress of osteoporosis in 
elderly people. 



CONCEPT CHECK 

5 Removal of the parathyroid glands would result in a 
deerease in the blood of what important mineral? 


5ee the blue Ansvvers tab at the baek of the book. 
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19.5 TheThymiis 

► KEY POINT Loeated within the superior mediastinum of the thoraeie eavity, the 
thymus is surrounded by eonneetive tissue that divides it into lobules. The thymus 
produces several hormones that are important for the body's immune defenses. 

The thymus lies just posterior to the sternum within the mediastinum of the 
thoraeie eavity gure 19.1 . t) p. 50 In newborn infants and young ehil- 
dren, the thymus is relatively large, extending from the base of the neek to 
the superior border of the heart. Although its relative size deereases as a ehild 
grows, the thymus continues to slowly enlarge. The thymus reaehes its max- 
imum size just before puberty, weighing approximately 40 g. After puberty it 
gradually diminishes in size; by age 50 the thymus weighs less than 12 g. 

The thymus produces several hormones important in developing and 
maintaining immune defenses (Table 19.1). Thymosin (thl-MÓ-sin) was 
the name originally given to a thymie extract that promoted the development 
and maturation of lymphoeytes, the white blood eells responsible for imrmmity. 
Researehers have determined that “thymosin” is actually a blend of several dif- 
ferent hormones (thymosin-1, thymopoietin, thymopentin, thymulin, thymie 
humoral faetor, and IGF-1). 

Although researehers do not totally agree, it has been suggested that the 
gradual deerease in the size and seeretory abilities of the thymus may make the 
elderly more susceptible to disease. (We discuss the histologieal organization of 
the thymus and the functions of the various “thymosins” in Chapter 23.) 




CONCEPT CHECK 

6 Deseribe the anatomieal loeation of the thymiis. 

See the blue Ansvvers tab at the baek of the book. 


19.6 The Adrenal Glands 


► KEY POINT The two adrenal glands are loeated at the superior poles of the 
kidneys. They are siibdivided into an adrenal cortex and an adrenal mediilla. The 
eells of the adrenal cortex seerete steroid hormones, and the eells of the adrenal 
medulla seerete eateeholamines. 


A yellow, pyramid-shaped adrenal gland, or suprarenal gland (su-pra-RE- 
nal; supra~, above, + -renal, kidney), is attaehed firmly to the superior border 
of eaeh kidney by a dense, fibrous capsule gure 19.7a). Eaeh adrenal gland 
nestles among the kidney, the diaphragm, and the major arteries and veins 
rnnning along the posterior wall of the abdominopelvie eavity. The adrenal 
glands projeet into the peritoneal eavity, and their anterior surfaces are eovered 
by a layer of parietal peritoneum. Like the other endoerine glands, the adrenal 
glands are highly vascularized. Branehes of the renal artery, the inferior phrenie 
artery, and a direet braneh from the aorta (the middle adrenal artery) supply 
blood to eaeh adrenal gland. The adrenal veins earry blood away from the adre- 
nal glands. 

The adrenal gland weighs approximately 7.5 g. It is usually heavier in men 
than in women, but the size varies greatly as seeretory demands ehange. Eaeh 
adrenal gland is divided structurally and functionally into two regions: a super- 
fieial cortex and an inner mediilla Figure 19.7b,c]. 


The Adrenal Cortex 

► KEY POINT The adrenal cortex is subdivided into three zones: (1) the outer 
zona glomerulosa, which produces mineraloeortieoids; (2) the middle zona faseie- 
ulata, which produces glucocorticoids; and (3) the inner zona reticularis, which 
seeretes androgens. 


The yellowish eolor of the adrenal cortex is due to stored lipids, espeeially 
eholesterol and various fatty aeids. The adrenal cortex produces more than 
24 different steroid hormones. These eortieosteroids (also ealled adrenoeortieal 
steroids) are vital. If the adrenal glands are destroyed or removed, eortieosteroids 
must be administered or the person will not survive. The hormones affeet meta- 
bolie operations by determining which genes are transeribed in their target eells 
and at what rates. 

Deep to the capsule, the cortex is divided into three zones: (1) an outer 
zona glomemlosa, (2) a middle zona fasciculata, and (3) an inner zona 
reticularis cjure 19.7c). Eaeh zone synthesizes different steroid hormones 
(Table 19.2). All of the eortieal eells have an extensive smooth endoplas- 
mie reticulum (SER) for the manufacture of lipid-based steroids. The large 
amount of SER in these eells is in eontrast to the large amount of rough 
endoplasmie reticulum (RER) found in protein-seereting eells, such as those 
of the anterior pituitary lobe or thyroid gland. 

The Zona Glomemlosa 

The zona glomerulosa (glò-mer-u-LÒ-sa) is the outermost eortieal region 
gure 19.7c]. A glomerulus is a little ball or knot, and the endoerine eells 
form densely paeked clusters in this zone. This zone, which occupies approxi- 
mately 15 pereent of the adrenal cortex, extends from the capsule to the deeper 
zona fasciculata. 

The zona glomemlosa produces mineraloeortieoids (MCs). These ste- 
roid hormones affeet the eleetrolyte eomposition of body fluids. Aldosterone 
(al-DOS-ter-òn) is the main mineraloeortieoid. It stimulates the eonservation 
of sodium ions (Na + ) and the elimination of potassium ions (K + ). It causes the 
retention of sodium ions by the kidneys, sweat glands, salivary glands, and pan- 
ereas and prevents sodium loss in the urine, sweat, saliva, and digestive seere- 
tions. A loss of K + aeeompanies this retention of Na + . Aldosterone seeretion 
occurs when the zona glomemlosa is stimulated by (1) a deerease in blood Na + 
levels, (2) an inerease in blood K + levels, or (3) the arrival of angiotensin II, a 
hormone produced by the kidneys. 

The Zona Faseieiilata 

Deep to the zona glomemlosa is the zona fasciculata (fa-sik-u-LA-ta; 
fasciculus, little bundle), which occupies approximately 80 pereent of the 
cortex gure 19.7cì . The eells in this zone are larger and eontain more 
lipids than those of the zona glomemlosa. The lipid droplets give the eyto- 
plasm a pale, foamy appearanee. The eells of the zona fasciculata form eords 
that radiate outward like a sunburst from the innermost zona reticularis. 
Adjaeent eords are separated by flattened blood vessels (sinusoids) with 
fenestrated walls. 

ACTH from the anterior lobe of the pituitary gland stimulates steroid pro- 
duction in the zona fasciculata. This zone produces steroid hormones known 
as ghieoeortieoids (GCs) because of their effeets on glucose metabolism. 
Cortisol (KOR-ti-sol; also ealled hydroeortisone) and eortieosterone (kor-ti- 
KOS-ter-òn) are the most important glucocorticoids seereted by the adrenal 
cortex. The liver eonverts some of the circulating eortisol to eortisone, another 
aetive glucocorticoid. These hormones speed up the rates of glucose synthesis 
and glyeogen formation, espeeially within the liver. 

The Zona Retienlaris 

The deepest zone of the adrenal cortex is the zona reticularis (re-tik-u-LAR-is; 
reticulum, network) Figure 19.7c). The eells of the zona reticularis are much 
smaller than the other eells of the adrenal medulla. This eharaeteristie makes 
the boundary between the zona reticularis and the renal medulla easy to 
distinguish. The zona reticularis, the smallest of the three zones, occupies 
approximately 5 pereent of the adrenal cortex. The eells of the zona reticularis 
form a folded, branehing network with an extensive eapillary supply. 
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Figure 19.7 Anatomy and Histologieal Organization of the Adrenal Gland 
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Table 19.2 


Region/Zone 


CORTEX 


The Adrenal Hormones 


Zona glomemlosa 


Zona fasciculata 


Zona reticularis 


MEDLILLA 


Hormones 

Targets 

Effeets 

Mineraloeortieoids 
(MCs), primarily 
aldosterone 

Kidneys 

inerease renal reabsorption 
of sodium ions and vvater 
(espeeially in the presenee of 

ADH); aeeelerate urinary loss of 
potassium ions 

Glucocorticoids 
(GCs): eortisol 
(hydroeortisone), 
eortieosterone; 
eortisol 
eonverted to 
eortisone and 
released by the 
liver 

Most eells 

Release amino aeids from skeletal 
rrmseles, lipids from adipose 
tissues; promote formation 
of liver glyeogen and glucose; 
promote peripheral utilization 
of lipids (glucose-sparing); anti- 
inflammatory effeets 

Androgens 


LJneertain signifieanee under 
normal eonditions 

Epinephrine, 

norepinephrine 

Most eells 

inerease eardiae aetivity, blood 
pressure, glyeogen breakdovvn, 
blood glucose; release of lipids by 
adipose tissue (see ehapter 17) 
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Histology of the adrenal gland showing identifieation of the major regions and the hormones produced 
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The zona reticularis seeretes small amoimts of sex hormones ealled andro- 
gens. Adrenal androgens stimulate the development of pubic hair in boys and 
girls before puberty. In women, the adrenal androgens promote muscle mass, 
stimulate blood eell formation, and support the sex drive. Adrenal androgens 
are less important in men because the testes produce androgens in relatively 
large amounts. 


The Adrenal Medulla 

► KEY POINT The ehromaffin eells of the adrenal medulla are innervated by 
preganglionie neurons of the sympathetie nervous system. When stimulated, 
ehromaffin eells release eateeholamines. 


The adrenal mediilla is pale gray or pink, due in part to the many blood 
vessels in the area Figure 19.7b,c . The eells of the adrenal medulla, 
ehromaffin eells, are large, rounded eells that resemble the neurons in a sym- 
pathetie ganglion. ehromaffin eells are innervated by preganglionie sympathetie 
fibers. Sympathetie aetivation of the adrenal medulla by the splanehnie nerves 
triggers the seeretory aetivity of these modified ganglionie neurons. *D p. 455 
The adrenal medulla eontains two populations of seeretory eells, one seeret- 
ing epinephrine ( adrenaline ), and the other norepinephrine ( noradrenaline ); 
both are eateeholamines. tD pp. 455-459 The medulla seeretes three times more 
epinephrine than norepinephrine. Seeretion of these eateeholamines speeds 
up the use of cellular energy and the mobilization of energy reserves. This 
eombination inereases muscular strength and endurance (Table 19.2). The 
metabolie ehanges following eateeholamine release peak 30 seeonds after stim- 
ulation of the adrenal medulla and last for several minutes. As a result, the 
effeets produced by stimulating the adrenal medulla outlast the other effeets of 
sympathetie aetivation. 



CONCEPT CHECK 

7 A disorder of the adrenal gland prevents the retention 
of sodium ions in body fluids. Which region of the 
gland is affeeted, and what hormone is defieient? 


See the blue Ansvvers tab at the baek of the book. 


circulation and absorbed by the kidneys. The kidneys then eonvert this prod- 
uct into ealeitriol. The best-known function of ealeitriol is stimulating the 
absorption of ealeimn and phosphate ions along the digestive traet. Sinee 
PTH stimulates the release of ealeitriol, PTH has an indireet effeet on intesti- 
nal calcium absorption. 

inereased blood pressure or blood volume stimulates eardiae muscle 
eells to produce atrial natriuretic peptide (ANP). In general, the effeets 
of ANP oppose those of angiotensin II—they promote the loss of Na + and 
water by the kidneys and inhibit renin release and ADH and aldosterone 
seeretion. The net result is a reduction in both blood volume and blood 
pressure. 



CONCEPT CHECK 

8 EPO is a hormone that is often used for "blood 
doping" by endurance athletes in order to obtain a 
eompetitive advantage. How might inereased levels 
of EPO help an endurance athlete? 


See the blue Ansvvers tab at the baek of the book. 


19.8 The Panereas and Other Endoerine 

Tissiies of the Digestive System 

► KEY POINT The panereas and other digestive system organs produce impor- 
tant hormones that aid digestion and other body fiinetions. 

The panereas, the lining of the digestive traet, and the liver produce exocrine 
seeretions that are essential for the normal digestion of food. Although the 
autonomic nervous system influences the paee of digestive aetivities, most 
digestive proeesses are eontrolled loeally by individual organs. 

The various digestive organs communicate with one another using hor- 
mones, which we will discuss in ehapter 25. In this seetion, we focus on one 
“aeeessory” digestive organ, the panereas. The panereas produces hormones 
that affeet metabolie operations throughout the body. 


19.7 Endoerine Functions of the Kidneys 

and Heart 

► KEY POINT Some eells within the kidneys and heart function as endoerine 
glands. Their seeretions regulate blood pressure and blood volume. 

The kidneys produce the enzyme renin and two hormones: the peptide eryth- 
ropoietin and the steroid ealeitriol. When renin enters the circulation it eon- 
verts circulating angiotensinogen, an inaetive protein produced by the liver, to 
angiotensin I. This compound is then eonverted to angiotensin II within the 
eapillaries of the lungs. Angiotensin II stimulates the seeretion of aldosterone 
by the adrenal cortex. 

The kidneys release the peptide hormone erythropoietin (e-rith-rò-POY- 
e-tin) (EPO) in response to low oxygen levels in the kidneys. EPO stimulates 
red blood eell production in the red bone marrow. This inereases blood volume 
and improves oxygen delivery to tissues. 

Calcitriol is a steroid hormone seereted by the kidneys in response to 
the presenee of parathyroid hormone (PTH) levels in the bloodstream. Cal- 
eitriol synthesis depends on the availability of eholeealeiferol (vitamin D 3 ), 
which may be synthesized in the skin or absorbed from the diet. The liver 
eonverts eholeealeiferol to an intermediary product that is released into the 


The Panereas 

► KEY POINT The panereas is a mixed gland with both exocrine and endoerine 
aetivities. The exocrine portion of the panereas is a serous gland, while the en- 
doerine portion is eomposed of panereatie islets seattered throughout the whole 
organ. 

The panereas is both an exocrine and an endoerine gland. It lies within the 
abdominopelvie eavity within the first fold of the small intestine (duodenum), 
elose to the stomaeh igure 19.8a . It is a slender, pale organ with a lumpy 
appearanee. The adult panereas is approximately 20 to 25 em (8 to 10 in.) in 
length and weighs 80 g (2.8 oz). (We eonsider the detailed anatomy of the 
panereas in ehapter 25.) 

The exocrine panereas makes up approximately 99 pereent of the pan- 
ereatie volume. This segment of the panereas produces large quantities of a 
digestive enzyme-rieh fluid that enters the digestive traet through a network of 
seeretory ducts. 

The endoerine panereas eonsists of small groups of endoerine eells seat- 
tered throughout the gland. These groups of eells are known as panereatie 
islets. Even though the panereatie islets account for only 1 pereent of the pan- 
ereatie eell population, there are approximately 2 million panereatie islets in a 
normal panereas (Figure 19.8b). 


518 The Endoerine System 


www.ebook3000.com 


Figure 19.8 Anatomy and Histologieal Organization of the Panereas. This organ, vvhieh is 
dominated by exocrine eells, eontains clusters of endoerine eells knovvn as the panereatie islets. 
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CLINICAL NOTE 




Diabetes Mellitus 


Diabetes mellitiis (MEL-i-tus; mellitum, honey) is eharaeterized 
by glucose eoneentrations that are high enough to overwhelm 
the reabsorption eapabiIities of the kidneys. (The presenee of abnor- 
mally high glucose levels in the blood in general is ealled hyperglyee- 
mia.) Glucose appears in the urine (glycosuria) # and urine production 
generally beeomes excessive (polyuria). 

Diabetes mellitus ean be caused by genetie abnormalities, and 
some of the genes responsible have been identified. Mutations that 
result in inadequate insulin production # the synthesis of abnormal 
insulin molecules # or the production of defeetive reeeptor proteins 
produce eomparable symptoms. Llnder these conditions # obesity aeeel- 
erates the onset and severity of the disease. Diabetes mellitus ean also 
result from other pathologieal conditions # injuries # imrrmne disorders # 
or hormonal imbalanees. There are two major types of diabetes 
mellitus: insulin-dependent (type 1) diabetes and non-insulin- 
dependent (type 2) diabetes. Type 1 diabetes ean be eontrolled 
with varying success through the administration of insulin by injeetion 
or infusion by an insulin pump. Dietary restrietions are most effeetive 
in treating type 2 diabetes. 

Probably because glucose levels eannot be stabilized adequately # 
even with treatment # individuals with diabetes mellitus eommonly 
develop ehronie medieal problems. These problems arise because the 
tissues involved are experiencing an energy erisis—in essence # most of 
the tissues are responding as they would during ehronie starvation, 
breaking down lipids and even proteins because they are unable to 


19 




absorb glucose from their surroundings. Among the most eommon 
examples of diabetes-related medieal disorders are the following: 

The proliferation of eapillaries and hemorrhaging at the retina 
may cause partial or eomplete blindness. This eondition is ealled 
diabetie retinopathy. 

ehanges in the elarity of the lens of the eye occur # producing 
eataraets. 

Small hemorrhages and inflammation at the kidneys cause degen- 
erative ehanges that ean lead to kidney failure. This condition # 
ealled diabetie nephropathy # is the primary cause of kidney failure. 
Treatment with drugs that improve blood flow to the kidneys ean 
slow the progression to kidney failure. 

A variety of neural problems appear # including peripheral neu- 
ropathies and abnormal autonomic function. These disorders # 
eolleetively termed diabetie neuropathy # are probably related to 
disturbances in the blood supply to neural tissues. 

Degenerative ehanges in eardiae circulation ean lead to early heart 
attaeks. For a given age group # heart attaeks are three to five times 
more likely in diabetie individuals than in nondiabetie people. 

Other ehanges in the vascular system ean disrupt normal blood 
flow to the distal portions of the limbs. For example # a reduction 
in blood flow to the feet ean lead to tissue death # ulceration # infee- 
tion # and loss of toes or a major portion of one or both feet. 



Like other endoerine tissues, an extensive, fenestrated eapillary network 
surrounds the islets. Two major arteries supply blood to the panereas: the pan- 
creaticoduodenal and panereatie arteries. Venous blood returns to the hepatie 
portal vein. (Chapter 22 discusses circulation to and from major organs.) The 
islets are innervated by the autonomic nervous system through branehes from 
the eeliae plexus. *D p. 464 

Eaeh panereatie islet eontains four eell types: 

o Alpha eells produce the hormone glucagon (GLU-ka-gon). Glucagon 
inereases the blood glucose level by inereasing the rates of glyeogen break- 
down and glucose release by the liver igure 19.8b} . 

o Beta eells produce the hormone insulin (IN-su-lin), which lowers the 
blood glucose level. Insulin inereases the rate of glucose uptake and utiliza- 
tion by most body eells gure 19.8b). 

o Delta eells produce the hormone somatostatin (grovvth hormone- 
inhibiting hormone). This hormone inhibits the production and seeretion 
of glucagon and insulin and slows the rates of food absorption and enzyme 
seeretion by the digestive traet. 

o F eells produce the hormone panereatie polypeptide (PP). PP inhibits 
gallbladder eontraetions and regulates the production of some panereatie 
enzymes. It may eontrol the rate of nutrient absorption by the digestive traet. 

Panereatie alpha and beta eells are sensitive to blood glucose eoneentra- 
tions, and they are not under the direet eontrol of the nervous system or other 
endoerine glands. When the blood glucose level inereases, beta eells seerete 
insulin. When the blood glucose level deereases, alpha eells seerete glucagon. 
Table 19.3 smnmarizes the major hormones of the panereas. 


19.8 CONCEPT CHECK 

9 Hormones are released from vvhat portion of the 
w panereas (often termed the endoerine panereas?) 

See the blue Ansvvers tab at the baek of the book. 

19.9 Endoerine Tissiies of the 

Reprodiietive System 

The endoerine tissues of the reproductive system are restrieted primarily to 
the male and female gonads—the testes and ovaries, respeetively. (Chapter 27 
deseribes the anatomy of the reproductive organs.) 

Testes 

► KEY POINT In the testes, interstitial eells produce androgens, espeeially tes- 
tosterone. Nurse eells release inhibin. 

In males, the interstitial eells of the testes produce male hormones known as 
androgens. The most important androgen is testosterone (tes-TOS-ter-òn). This 
hormone (1) promotes the production of functional sperm, (2) maintains the 
seeretory glands of the male reproductive traet, (3) influences seeondary sexual 
eharaeteristies, and (4) stimulates muscle growth (Table 19.4). During embryonie 
development, the production of testosterone affeets the anatomieal development of 
the hypothalamie nuclei of the CNS, which will later influence sexual behaviors. 
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Table 19.3 


Hormones of the Panereas 


Structure/Cells 

Hormone 

Primary Targets 

Effeets 

PANCREATIC ISLETS 

Alpha eells 

Glucagon 

Liver, adipose tissues 

Mobilization of lipid reserves; glucose synthesis and glyeogen 
breakdown in liver; elevation of blood glucose eoneentrations 

Beta eells 

lnsulin 

All eells except those of brain, kidneys, 
and digestive traet epithelium and RBCs 

Faeilitation of uptake of glucose by eells; stimulation of lipid 
and glyeogen formation and storage; deerease in blood 
glucose eoneentrations 

Delta eells 

Somatostatin 

Alpha and beta eells, digestive traet 

Inhibition of seeretion of insulin and glucagon 

F eells 

Panereatie polypeptide (PP) 

Gallbladder and panereas, possibly 
gastrointestinal traet 

Inhibition of gallbladder eontraetions; regulation of 
production of some panereatie enzymes; may eontrol nutrient 
absorption 


Nurse eells in the testes support the differentiation and physieal matura- 
tion of sperm. Under FSH stimulation, these eells seerete the hormone inhibin. 
It inhibits the seeretion of FSH at the anterior lobe of the pituitary. Throughout 
adult life, inhibin and FSH interaet to maintain sperm production at normal 
levels. 

Ovaries 

► KEY POINT In the ovaries, follicular eells produce estrogens (espeeially estra- 
diol) and inhibin. 

In the ovaries, ooeytes begin their maturation into female gametes (sex eells) 
within speeialized structures ealled follieles. Stimulation by FSH triggers the 
maturation proeess. Follicular eells surrounding the ooeytes produce estrogens, 
espeeially estradiol. These steroid hormones support the maturation of the 
ooeytes and stimulate the growth of the uterine lining (Table 19.4). FSH also 
stimulates aetive follieles to seerete inhibin. Inhibin deereases FSH release from 
the anterior lobe of the pituitary gland. 

After ovulation has occurred, the remaining follicular eells reorganize into 
a corpus luteum (LOO-té-um) that releases a mixture of estrogens and pro- 
gestins, espeeially progesterone (prò-JES-ter-òn). Progesterone aeeelerates the 
movement of the ooeyte along the uterine tube and prepares the uterus for the 
arrival of the developing embryo. 

Table 19.4 summarizes the reproductive hormones. 


19-9 CONCEPT CHECK 

10 What hormones are produced by the testes, and 
w what are their functions? 

See the blue Ansvvers tab at the baek of the book. 

19.10 The Pineal Gland 

► KEY POINT The pineal gland, which is part of the epithalamus of the CNS, 
eontains two types of endoerine eells: pinealoeytes and interstitial eells. Pinealo- 
eytes seerete melatonin, and interstitial eells resemble neuroglia. 

The small, red, pineeone-shaped pineal gland, or pineal body, is part of the epi- 
thalamus (Figure 19.1 and look ahead to Figure 19.9 on page 524). t) p. 417 
The pineal gland eontains neurons and interstitial eells that resemble the 
neuroglia of the CNS. The pineal gland also eontains speeial seeretory eells 
ealled pinealoeytes (PIN-é-al-ò-sIts). 

Pinealoeytes synthesize the hormone melatonin (mel-a-TÓN-in). 
Melatonin is derived from molecules of the neurotransmitter serotonin. 
Melatonin slows the maturation of sperm, ooeytes, and reproductive organs. 
It does this by inhibiting the production of a hypothalamie releasing fae- 
tor that stimulates FSH and LH seeretion. Collaterals from the visual path- 
ways enter the pineal gland and affeet the rate of melatonin production. 


Table 19.4 


Hormones of the Reproductive System 


Structure/Cells 

Hormone 

Primary Targets 

Effeets 

TESTES 

Interstitial eells 

Androgens 

Most eells 

Support functional maturation of sperm; protein synthesis in 
skeletal muscles; male seeondary sex eharaeteristies and assoeiated 
behaviors 

Nurse eells 

Inhibin 

Anterior lobe of pituitary gland 

Inhibits seeretion of FSH 

OVARIES 

Follicular eells 

Estrogens (espeeially estradiol) 

Most eells 

Support folliele maturation; female seeondary sex eharaeteristies 
and assoeiated behaviors 

Inhibin 

Anterior lobe of pituitary gland 

Inhibits seeretion of FSH 

Corpus luteum 

Progestins (espeeially progesterone) 

Uterus, mammary glands 

Prepare uterus for implantation; prepare mammary glands for 
seeretory functions 

Relaxin 

Pubic symphysis, uterus, 
mammary glands 

Loosens pubic symphysis; relaxes uterine (eervieal) muscles; 
stimulates mammary gland development 
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CLINICAL NOTE 


Endoerone Disorders 


Endoerine disorders may develop for a variety of reasons, 
including abnormalities in the endoerine gland # the endoerine or 
neural regulatory meehanisms, or the target tissues. For example # a 
hormone level may rise because its target organs are beeoming less 
responsive, because a tumor has formed among the gland cells # or 



because something has interfered with the normal feedbaek eontrol 
meehanism. When naming endoerine disorders # elinieians use the 
prefix hyper- when referring to excessive hormone production and 
hypo- when referring to inadequate hormone production. 



Table 19.5 


Oinieal implieations of Endoerine Malfunctions 


Hormone 

Underproduction 

Syndrome 

Prineipal Symptoms 

Overprodiietion 

Syndrome 

Prineipal Symptoms 

Grovvth hormone 
(GH) 

Pituitary growth 
failure (ehildren) 

Retarded growth, abnormal fat 
distribution # low blood glucose 
hours after a meal 

Gigantism (ehildren), 
aeromegaly (adults) 

Excessive growth in stature of a ehild or in 
faee and hands in an adult 

Antidiuretic 
hormone (ADH) 

Diabetes insipidus 

Polyuria 

SIADH (syndrome of 
inappropriate ADH 
seeretion) 

inereased body water eontent and 
hyponatremia 

Thyroxine (T 4 ) # 
triiodothyronine (T 3 ) 

Myxedema 

(in adults); infantile 

hypothyroidism 

Low metabolie rate, body 
temperature; impaired physieal and 
mental development 

Graves disease 

High metabolie rate # body temperature; 
taehyeardia; weight loss 

Parathyroid 
hormone (PTH) 

Hypoparathyroidism 

Muscular weakness # neurological 
problems, tetany due to low blood 
calcium eoneentrations 

Hyperparathyroidism 

Neurological # mental, muscular problems 
due to high blood calcium eoneentrations; 
weak and brittle bones 

lnsulin 

Diabetes mellitus 

High blood glucose; impaired 
glucose utilization; dependenee on 
lipids for energy; glucosuria; ketosis 

Excess insulin 
production or 
administration 

Low blood glucose levels, possibly causing 
eoma 

Mineraloeortieoids 

(MCs) 

Hypoaldosteronism 

Polyuria; low blood volume; high 
blood potassium eoneentrations 

Aldosteronism 

inereased body weight due to water 
retention; low blood potassium 
eoneentrations 

Glucocorticoids (GCs) 

Addison disease 

Inability to tolerate stress, mobilize 
energy reserves, maintain normal 
blood glucose eoneentrations 

Cushing disease 

Excessive breakdown of tissue proteins and 
lipid reserves; impaired glucose metabolism 

Epinephrine (E) # 
norepinephrine (NE) 

None identified 


Pheoehromoeytoma 

High metabolie rate # body temperature # 
and heart rate; elevated blood glucose 
levels; other symptoms eomparable to those 
of excessive autonomic stirrmlation 

Estrogens (female) 

Hypogonadism 

Sterility; laek of seeondary sexual 
eharaeteristies 

Androgenital 

syndrome 

Overproduction of androgens by zona 
reticularis of adrenal cortex leading to 
masculinization 

Precocious puberty 

Early production of developing follieles and 
estrogen seeretion 

Menopause 

Cessation of ovulation 



Androgens (male) 

Hypogonadism, 

eunuchoidism 

Sterility; laek of seeondary sexual 
eharaeteristies 

Gyneeomastia 

Abnormal production of estrogens, 
sometimes due to adrenal or intestinal eell 
tumors # leading to breast enlargement 

Precocious puberty 

Early production of androgens, leading 
to premature physieal development and 
behavioral ehanges 



Melatonin production inereases at night and deereases during the day. 
This eyele is apparently important in regulating our eireadian rhythms, our 
natural awake-asleep eyeles. tD p. 418 This hormone is also a powerful anti- 
oxidant that might help proteet CNS tissues from free radieals generated by 
aetive neurons and neuroglia. 


19,10 



CONCEPT CHECK 

11 You are scheduled to fly from Chicago # lllinois, to 
Beijing, China # aeross multiple time zones # for a 
business trip. A colleague suggests taking melatonin 
tablets to counteract "jet lag." What might be a 
possible aetion of these tablets in preventing jet lag? 


See the blue Ansvvers tab at the baek of the book. 
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CLINICAL NOTE ( eontirmed) 


Most endoerine disorders are the result of problems within the 
endoerine gland itself. The typieal result is hyposeeretion, the produc- 
tion of inadequate levels of a particular hormone. Hyposeeretion may 
be caused by the following: 

Metabolie faetors: Hyposeeretion may result from a defieieney in 
some key substrate needed to synthesize the hormone in question. 
For example # hypothyroidism ean be caused by inadequate dietary 
iodine levels or by exposure to drugs that inhibit iodine transport 
or utiIization at the thyroid gland. 

■ Physieal damage: Any eondition that interrupts the normal circu- 
latory supply or that physieally damages the endoerine eells may 
cause them to beeome inaetive immediately or after an initial 
surge of hormone release. If the damage is severe, the gland ean 
beeome permanently inaetive. For instanee, temporary or perma- 
nent hypothy- 
roidism ean result 
from infeetion or 
inflammation of 
the gland (thy- 
roiditis), from the 
interruption of nor- 
mal blood flow # or 
from exposure to 
radiation as part of 
treatment for ean- 
eer of the thyroid 
gland or adjaeent 
tissues. The thyroid 
gland ean also be 
damaged in an 
autoimmune dis- 
order that results 
in the production 
of antibodies that 
attaek and destroy 
normal folliele eells. 

Congenital disorders: An individual may be unable to produce nor- 
mal amounts of a particular hormone because (1) the gland itself is 
too small, (2) the required enzymes are abnormal # (3) the reeeptors 
that trigger seeretion are relatively insensitive # or (4) the gland 
eells laek the reeeptors normally involved in stimulating seeretory 
aetivity. 

Endoerine abnormalities ean also be caused by the presenee of 
abnormal hormonal reeeptors in target tissues. In such a case # the gland 
involved and the regulatory meehanisms are normal # but the peripheral 
eells are unable to respond to the circulating hormone. The best exam- 
ple of this type of abnormality is type 2 diabetes # in which peripheral 
eells do not respond normally to insulin. 

Many of these disorders produce distinetive anatomieal features or 
abnormalities that are evident on a physieal examination (Table 19.5). 



Enlarged thyroid gland 




Aeromegaly 



Infantile hypothyroidism 


Aeromegaly 

Aeromegaly results from the 
overproduction of growth 
hormone after the epiphyseal 
plates have fused. Bone shapes 
change # and cartilaginous areas 
of the skeleton enlarge. Note 
the broad faeial features and the 
enlarged lower jaw. 

Infantile hypothyroidism 

Infantile hypothyroidism results 
from thyroid hormone insufficiency 
in infaney. 

Enlarged Thyroid Gland 

An enlarged thyroid gland # 
or goiter # is usually assoeiated 
with thyroid hyposeeretion 

due to nutritional iodine 
insufficiency. 

Addison Disease 

Addison disease is caused by 
hyposeeretion of eortieoste- 
roids # espeeially glucocorti- 
eoids. Pigment ehanges result 
from stimulation of melano- 
eytes by ACTH # which is struc- 
turally similar to MSH. 

Cushing Disease 

Cushing disease is caused 
by hyperseeretion of gluco- 
eortieoids. Lipid reserves are 
mobilized # and adipose tissue 
accumulates in the eheeks 
and at the base of the neek. 




Addison disease 



Cushing disease 
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Figure 19.9 Anatomy and Histologieal Organization of the Pineal Gland 



E M BRYOLOG Y S U M M ARY 

For a summary of the development of the endoerine system, see Chapter 28 
(Embryology and Human Development). 

19.11 Hormones and Aging 

The endoerine system shows relatively few functional ehanges with advane- 
ing age. The most dramatie exceptions are (1) the ehanges in reproductive 
hormone levels at puberty and (2) the deeline in the eoneentration of repro- 
ductive hormones at menopause in women. It is interesting to note that age- 
related ehanges in other tissues affeet their abilities to respond to hormonal 
stimulation. As a result, most tissues may beeome less responsive to circulating 
hormones, even though hormone eoneentrations remain normal. 


19.11 CONCEPT CHECK 



12 Which hormone(s) of the endoerine system show 
the most dramatie deeline in eoneentration as a 
result of aging? 


See the blue Ansvvers tab at the baek of the book 




Study Oiitline 


ntrodiietion p. 507 

The nervous and endoerine systems work together in a 
eomplementary way to monitor and adjust physiologieal aetivities 
for the regulation of homeostasis. 

In general f the nervous system performs short-term "erisis 
management," while the endoerine system regulates longer-term f 
ongoing metabolie proeesses. Endoerine eells release ehemieals 
ealled hormones that alter the metabolie aetivities of many 
different tissues and organs simultaneously. 

19.1 An Overview of the Endoerine System p. 507 

The endoerine system eonsists of all endoerine eells and tissues. 
They release their seeretory products into the lymphatie system or 
blood. fSee Figure 19.1.) 

Hormones ean be divided into three groups based on ehemieal 
structure: amino aeid derivatives, peptide hormones, and lipid 
derivatives. There are two groups of lipid derivatives: eieosanoid 
and steroid hormones. 

Cellular aetivities and metabolie reaetions are eontrolled by 
enzymes. Hormones exert their effeets by modifying the aetivities 
of target eells (eells that are sensitive to that particular hormone). 

Endoerine aetivity ean be eontrolled by (1) neural activity f (2) positive 
feedbaek (rare) f or (3) complex negative feedbaek meehanisms. 

19.2 Hypothalamus and the Pituitary Gland p. 508 

The hypothalamiis regulates endoerine and neural aetivities. It 
(1) eontrols the output of the adrenal (suprarenal) medulla f an 
endoerine eomponent of the sympathetie division of the ANS; (2) 
produces two hormones of its own (ADH and oxytocin) f which 
are released from the posterior lobe of the pituitary gland; and 
(3) eontrols the aetivity of the anterior lobe of the pituitary 
through the production of regulatory hormones and inhibiting 
hormones. (See Spotlight Figure 19.2.) 


The pituitary gland (hypophysis) releases nine important 
peptide hormones. Two are synthesized in the hypothalamus 
and released at the posterior lobe of the pituitary and seven are 
synthesized in the anterior lobe of the pituitary. (See Spotlight 
Figure 19.2 and Figure 19.3.) 

The Anterior Lobe of the Pitiiitary Gland p. 508 

The anterior lobe (adenohypophysis) is subdivided into the 
large pars distalis, the slender pars intermedia, and the pars 

tuberalis. The entire anterior lobe is highly vascularized. 

In the floor of the hypothalamus in the tuberal area f neurons release 
regulatory faetors into the surrounding interstitial fluids. Endoerine 
eells in the anterior lobe are eontrolled by releasing faetors, inhibiting 
faetors (hormones) f or some eombination of the two. These seeretions 
enter the circulation through fenestrated eapillaries that eontain 
open spaees between their epithelial eells. Blood vessels f ealled portal 
vessels, form an unusual vascular arrangement that eonneets the 
hypothalamus and anterior lobe of the pituitary gland. This complex 
is the hypophyseal portal system. It ensures that all of the blood 
entering the portal vessels will reaeh the intended target eells before 
returning to the general circulation. (See Spotlight Figure 19.2.) 

Important hormones released by the pars distalis are (1) thyroid- 
stimulating hormone (TSH) f which triggers the release of thyroid 
hormones; (2) adrenoeortieotropie hormone (ACTH) f which 
stimulates the release of glucocorticoids by the adrenal gland; (3) 
follicle-stimulating hormone (FSH) f which stimulates estrogen 
seeretion ( estradiol ) and egg development in women and sperm 
production in men; (4) luteinizing hormone (LH) f which causes 
ovulation and production of progestins (progesterone ) in women 
and androgens (testosterone) in men (together f FSH and LH are 
ealled gonadotropins); (5) prolaetin (PRL) f which stimulates the 
development of the mammary glands and the production of milk; and 
(6) growth hormone (GH f or somatotropin), which stimulates eells' 
grovvth and replieation. (See Spotlight Figure 19.2 and Figure 19.3.) 

Melanocyte-stimulating hormone (MSH), released by the pars 
intermedia f stimulates melanoeytes to produce melanin. 
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The Posterior Lobe of the Pituitary Gland p. 509 

The posterior lobe (neurohypophysis) eontains the axons 
of some hypothalamie neurons. Neurons within the supra-optic 
and paraventricular nuclei manufacture antidiuretic hormone 
(ADH) and oxytocin, respeetively. ADH deereases the amount 
of water lost at the kidneys. It is released in response to a rise in 
the eoneentration of eleetrolytes in the blood or a fall in blood 
volume. In women, oxytocin stimulates smooth muscle eells in the 
uterus and eontraetile eells in the mammary glands. It is released 
in response to stretehed uterine muscles and/or suckling of an 
infant. In men, it stimulates ductus deferens and prostatie smooth 
muscle eontraetions. fSee Spotlight Figure 19.2 and Figure 19.3.) 

19.3 The Thyroid Gland p. 509 

The thyroid gland lies inferior to the thyroid eartilage of the 

larynx. It eonsists of two lobes eonneeted by a narrow isthmus. 
(5ee Figure 19.4a.) 

Thyroid Follides and Thyroid Hormones p. 512 

The thyroid gland eontains numerous thyroid follieles. Cells 
of the follieles manufacture thyroglobulin and store it within 
the eolloid (a viscous fluid eontaining suspended proteins) in 
the folliele eavity. The eells also transport iodine from the 
extracellular fluids into the eavity, where it complexes with tyrosine 
residues of the thyroglobulin molecules to form thyroid hormones. 
fSee Figure 19.4b f c and Table 19.1.) 

When stimulated by TSH # the follicular eells reabsorb the 
thyroglobulin # break down the protein, and release the thyroid 
hormones, thyroxine (T 4 ) and triiodothyronine (T 3 ) # into the 
circulation. (See Figure 19.5.) 

The C Thyroeytes of the Thyroid Gland p. 514 

The C thyroeytes of the thyroid follieles produce ealeitonin (CT) # 
which helps lower calcium ion eoneentrations in body fluids by 
inhibiting osteoelast aetivities and stirrmlating calcium ion excretion 
at the kidneys. (See Figure 19.4c.) 


Thymosins produced by the thymus promote the development 
and maturation of lymphoeytes. 

19.6 TheAdrenal Glands p. 516 

A single adrenal (suprarenal) gland rests on the superior border 
of eaeh kidney. Eaeh adrenal gland is surrounded by a fibrous 
capsule and is subdivided into a superficial cortex and an inner 
medulla. (See Figure 19.7.) 

The Adrenal Cortex p. 516 

The cortex of the adrenal gland manufactures steroid hormones ealled 
eortieosteroids (adrenoeortiealsteroids). The cortex ean be subdivided 
into three separate areas. (1) The outer zona glomemlosa releases 
mineraloeortieoids (MCs) # prineipally aldosterone, which restriet 
sodium and water losses at the kidneys, sweat glands, digestive tract # 
and salivary glands. The zona glomemlosa responds to the presenee of 
the hormone angiotensin ll # which appears after the enzyme renin has 
been seereted by kidney eells exposed to a deerease in blood pressure. 
(2) The middle zona fasciculata produces glucocorticoids (GC) # 
notably eortisone and eortisol. All of these hormones aeeelerate the 
rates of both glucose synthesis and glyeogen formation, espeeially in 
liver eells. (3) The inner zona reticularis produces small amounts of 
sex hormones ealled androgens. The signifieanee of the small amounts 
of androgens produced by the adrenal glands remains uncertain. (See 
Figure 19.7c and Table 19.2.) 

The Adrenal Mediilla p. 518 

Eaeh medulla of the adrenal gland eontains clusters of ehromaffin 
cells # which resemble sympathetie ganglia neurons. They seerete 
either epinephrine (75-80 pereent) or norepinephrine (20-25 
pereent). These eateeholamines trigger cellular energy utilization 
and the mobilization of energy reserves (see ehapter 17). (See 
Figure 19.7b f c and Table 19.2.) 

19.7 Endoerine Fiinetions of the Kidneys and 

Heart p. 518 


Aetions of ealeitonin are opposed by those of the parathyroid 
hormone produced by the parathyroid glands. (See Table 19.1.) 

19.4 The Parathyroid Glands p. 515 

Four parathyroid glands are embedded in the posterior surface 
of the thyroid gland. The parathyroid (prineipal) eells of the 
parathyroid produce parathyroid hormone (PTH) in response to 
lower-than-normal eoneentrations of calcium ions. Oxyphil eells of 
the parathyroid have no known function. (See Figures 19.4a and 
19.6 and Table 19.1.) 

PTH (1) stirrmlates osteoelast aetivity, (2) stimulates osteoblast 
aetivity to a lesser degree, (3) reduces calcium loss in the urine # and 
(4) promotes calcium absorption in the intestine by stimulating 
ealeitriol production. (See Table 19.1.) 

The parathyroid glands and the C thyroeytes of the thyroid gland 
maintain calcium ion levels within relatively narrow limits. (See 
Figure 19.6c and Table 19.1.) 

19.5 TheThymiis p.516 

The thyrrms, embedded in a eonneetive tissue mass in the thoraeie 
eavity, produces several hormones that stirrmlate the development 
and maintenanee of normal immunological defenses. fSee Figure 
19.1 and Table 19.1.) 


Endoerine eells in both the kidneys and heart produce hormones that 
are important for the regulation of blood pressure and blood volume # 
blood oxygen levels, and calcium and phosphate ion absorption. 

The kidney produces the enzyme renin and the peptide hormone 
erythropoietin when blood pressure or blood oxygen levels in the 
kidneys deeline, and it seeretes the steroid hormone ealeitriol when 
parathyroid hormone is present. Renin eatalyzes the eonversion 
of circulating angiotensinogen to angiotensin I. In lung 
eapillaries, it is eonverted to angiotensin II, the hormone that 
stimulates the production of aldosterone in the adrenal cortex. 
Erythropoietin (EPO) stimulates red blood eell production by the 
bone marrow. Calcitriol stimulates the absorption of both calcium 
and phosphate in the digestive traet. 

Speeialized muscle eells of the heart produce atrial natriuretic 
peptide (ANP) when blood pressure or blood volume beeomes 
excessive. These hormones stimulate water and sodium ion loss at 
the kidneys, eventually reducing blood volume. 

19.8 The Panereas and Other Endoerine Tissues 

of the Digestive System p. 518 

The lining of the digestive traet, the liver, and the panereas 
produce exocrine seeretions that are essential to the normal 
breakdown and absorption of food. 
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The Panereas p. 518 

The panereas is a nodular organ occupying a spaee between the 
stomaeh and small intestine. It eontains both exocrine and endoerine 
eells. The exocrine panereas seeretes an enzyme-rieh fluid into 
the lumen of the digestive traet. Cells of the endoerine panereas 
form clusters ealled panereatie islets. Eaeh islet eontains four eell 
types: Alpha eells produce glucagon to raise blood glucose levels; 
beta eells seerete insulin to lower blood glucose levels; delta eells 
seerete somatostatin (growth hormone-inhibiting hormone) 
to inhibit the production and seeretion of glucagon and insulin; and 
F eells seerete panereatie polypeptide (PP) to inhibit gallbladder 
eontraetions and regulate the production of some panereatie 
enzymes. PP may also help eontrol the rate of nutrient absorption by 
the Gl traet. (5ee Figure 19.8 and Table 19.3.) 

Insulin lowers blood glucose by inereasing the rate of glucose 
uptake and utilization by most body eells; glucagon raises blood 
glucose levels by inereasing the rates of glyeogen breakdown and 
glucose synthesis in the liver. Somatostatin reduces the rates of 
hormone seeretion by alpha and beta eells and slows food absorption 
and enzyme seeretion in the digestive traet. (5ee Table 19.3.) 

19.9 Endoerine Tissues of the Reproductive 

System p. 520 

Testes p. 520 

The interstitial eells of the male testes produce androgens. 
Testosterone is the most important androgen. It promotes the 
production of functional sperm # maintains reproductive-tract 
seeretory glands # influences seeondary sexual characteristics # and 
stimulates muscle growth. (5ee Table 19.4.) 


The hormone inhibin, produced by nurse eells in the testes # 
interaets with FSH from the anterior lobe of the pituitary gland to 
maintain sperm production at normal levels. 

Ovaries p. 521 

Ooeytes develop in follieles in the female ovary; folliele eells 
surrounding the ooeytes produce estrogens # espeeially estradiol. 
Estrogens support the maturation of the ooeytes and stimulate the 
growth of the uterine lining. Aetive follieles seerete inhibin # which 
suppresses FSH release by negative feedbaek. (5ee Table 19.4.) 

After ovulation # the folliele eells remaining within the ovary 
reorganize into a corpus luteum, which produces a mixture of 
estrogens and progestins, espeeially progesterone. Progesterone 
faeilitates the movement of a fertilized egg through the uterine 
tube to the uterus and stimulates the preparation of the uterus for 
implantation. (See Table 19.4.) 

19.10 The Pineal Gland p. 521 

The pineal gland (pineal bodý) eontains seeretory eells ealled 
pinealoeytes, which synthesize melatonin. Melatonin slows 
the maturation of sperm # eggs # and reproductive organs by 
inhibiting the production of FSH- and LH-releasing faetors from 
the hypothalanrms. Additionally # melatonin may establish eireadian 
rhythms. (5ee Figures 19.1 and 19.9.) 

19.11 Hormones and Aging p.524 

The endoerine system shows relatively few functional ehanges 
with advaneing age. The most dramatie endoerine ehanges are the 
rise in reproductive hormone levels at puberty and the deeline in 
reproductive hormone levels at menopause. 




ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. target eellls. == 

2. hypothalamus. == 

3. ADH. IZZ 

4. prolaetin. _ 

5. FSH. ZZ 

6. eolloid . _ 

7. oxyphil. _ 

8. thymosin. _ 

9. ehromaffin eells. == 

10. melatonin . . 

(a) unknown function 

(b) stimulates milk production 

(e) regulated by hormones 

(d) pineal gland 

(e) norepinephrine release 

(f) deereases water loss 

(g) lymphoeyte maturation 

(h) stimulates estrogen seeretion 

(i) produces releasing hormone 

(j) viscous fluid with stored hormones 

11. The hormone that targets the thyroid gland 
and triggers the release of thyroid hormone is 

(a) folliele-stirrmlating hormone (FSH). 

(b) thyroid-stimulating hormone (TSH). 


(e) adrenoeortieotropie hormone (ACTH). 

(d) luteinizing hormone (LH). 

12. Blood vessels that supply or drain the thyroid 

gland include which of the following? 

(a) superior thyroid artery 

(b) inferior thyroid artery 

(e) superior # inferior # and middle thyroid veins 

(d) all of the above 

13. How does aging affeet the function of the 

endoerine system? 

(a) It is relatively much less affeeted than 
most other systems. 

(b) Hormone production inereases to offset 
diminished response by reeeptors. 

(e) Endoerine function of the reproductive 
system is the most affeeted by 
inereasing age. 

(d) Hormone production by thethyroid gland 
suffers the greatest deeline with age. 

14. Endoerine organs ean be eontrolled by 

(a) hormones from other endoerine glands. 

(b) direet neural stimulation. 

(e) ehanges in the eomposition of 
extracellular fluid. 

(d) all of the above. 


15. Reduced fluid losses in the urine due to 
retention of sodium ions and water are a 
result of the aetion of 

(a) antidiuretic hormone. 

(b) ealeitonin. 

(e) aldosterone. 

(d) eortisone. 

16. When blood glucose levels deerease, 

(a) insulin is released. 

(b) glucagon is released. 

(e) peripheral eells stop taking up glucose. 

(d) aldosterone is released to stimulate these 
eells. 

17. Hormones released by the kidneys include 

(a) ealeitriol and erythropoietin. 

(b) ADH and aldosterone. 

(e) epinephrine and norepinephrine. 

(d) eortisol and eortisone. 

18. The mineral required for normal thyroid 
function is 

(a) magnesium. (b) potassium. 

(e) iodine. (d) calcium. 

19. A structure known as the corpus luteum 
seeretes 

(a) testosterone. (b) progesterone. 

(e) aldosterone. (d) eortisone. 
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Level 2 Revievving Concepts 

1. If a person has too few or defeetive 

lymphoeytes, which gland might be at fault? 
(a) thyroid (b) thyrrms 

(e) pituitary (d) pineal 

2. Reductions in eardiae aetivity, blood 
pressure # ability to proeess glycogen # and 
blood glucose level and release of lipids by 
adipose tissues are eolleetively symptoms of 
a defeetive 

(a) pituitary gland. (b) adrenal cortex. 

(e) panereas. (d) adrenal medulla. 

3. Discuss the functional differenees between 
the endoerine and nervous systems. 

4. Hormones ean be divided into three groups 
on the basis of ehemieal structure. What are 
these groups? 

5. Deseribe the primary targets and effeets of 
testosterone. 


6. What effeets do thyroid hormones have on 
body tissues? 

7. Why is normal parathyroid function essential 
in maintaining normal calcium ion levels? 

8. Deseribe the role of melatonin in regulating 
reproductive function. 

9. What is the signifieanee of the eapillary 
network within the hypophysis? 

Level 3 Critical Thinking 

1. How could a pituitary tumor result in the 
production of excess amounts of growth 
hormone? 

2. Endoerine abnormalities rarely # if ever # 
result in only a single ehange to a 
person's metabolism. What two endoerine 
abnormalities would result in excessive thirst 
and excessive urination? 


3. Hypothyroidism (insufficient thyroid hormone 
production by the thyroid gland) ean be caused 
by a problem at the level of the hypothalamus 
and pituitary gland or at the level of the 
thyroid. Explain howthis is medieally possible. 

4. How do kidney and heart hormones 
regulate blood pressure and volume? 


MasteringA&P' 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # Clinical Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy 
topies 




CLINICAL CASE | WRAP-UP ] 



Why Am I So Cold and Tired? 

Kathy is suffering from hypothyroidism (defieient thyroid hormone 
production). Her thyroid function has deereased to the point where 
her metabolism and oxygen consumption have slowed down. 

Because of her eonstellation of symptoms # Kathy's doetor drew 
blood to eheek her thyroid function. Reeall that the hypothalamus 
seeretes thyrotropin-releasing hormone (TRH) # which stimulates the 
adenohypophysis (anterior lobe of the pituitary gland) to produce 
and release thyroid-stimulating hormone (TSH). Normally, the thyroid 
responds to TSH by releasing thyroxine (T 4 ) and triiodothyronine (T 3 ) 
into the bloodstream. These thyroid hormones inerease the rate of 
cellular metabolism and 0 2 consumption in nearly every eell in the 
body. Without them # metabolism slows everywhere. 

At some time in the past # Kathy must have had a silent inflammation 
of the thyroid gland that caused damage or death to enough 


- \ 

hormone-producing eells to cause a thyroid gland failure. Hashimoto's 
thyroiditis, a eommon autoimmune thyroid disease # is a likely cause. 

Kathy's normal hypothalamus continuously reads her low T 4 and 
produces more TRH. Her pituitary # responding to the inereased TRH in her 
blood # produces more TSH. Kathy's blood level of TSH is very high # indieating 
that her pituitary is responding normally to a low blood level of T 4 . 

The good news for Kathy is that her eondition is easily treatable 
with a dose of levothyroxine every morning. This medieation is a pure 
synthetie form of T 4 . A few months later # Kathy is feeling better and 
many of the ehanges in her physieal appearanee have reversed. 

1. If Kathy's thyroxine (T 4 ) level is low # would her triiodothyronine (T 3 ) 
level to be low as well? 

2. What would be the problem if Kathy's T 3 and thyroid-stimulating 
hormone (TSH) levels were both low? 

See the blue Ansvvers tab at the baek of the book. 

_ ) 


Related eiinieal Terms 


L. 


adrenaleetomy: Surgical removal of an 
adrenal gland. 

Hashimoto's disease: Also known as 
ehronie lymphoeytie thyroiditis # a disorder 
that affeets the thyroid gland # causing the 
immune system to attaek it. It is the most 


eommon cause of hypothyroidism in the 
Llnited States. 

thyroideetomy: Surgical removal of all or 
part of the thyroid gland. 

thyroid function tests: Blood and radionuclide 
tests to determine thyroid gland aetivity. 


virilism: A disorder in females in which there 
is development of seeondary male sexual 
eharaeteristies such as hirsutism and lowered 
voiee caused by a number of eonditions that 
affeet hormone regulation. 
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These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


20.1 

20.2 

20.3 


Compare and eontrast the eomponents of 
blood and plasma. p. 529 

Compare and eontrast the formed elements of 
blood. p. 531 

List the eells involved in erythropoiesis and 
leukopoiesis. p. 539 





CLI N ICAL CAS E 


A Surplus of WBCs 


Danny, the yoimgest of five ehildren, is a very aetive three-year-old. That 
is, until reeently. He has an upper respiratory infeetion with bilateral otitis 
media (ear aehe) that just won't respond to antibioties. He has lost weight 7 
has a low-grade fever, looks pale 7 gets frequent nosebleeds, and tires easily. 
He eomplains that his "bones hurt." 

At his last appointment Danny's pediatrieian ordered blood work. Last 
week Danny's mother was told he needed more tests # including a bone 
marrow biopsy (extracting spongy bone from the posterior ileum with a large 
needle under sedation) and a lumbar puncture. Now Danny and his mom are 
baek at the doetor's offiee. 

"I am sorry to tell you that Danny is quite siek," explains the doetor. "His 
blood and bone marrow have way too many white blood eells." 

"But I thought white blood eells fight infeetions! Why won 7 t Danny's ears 
elear up?" asks his mom. The doetor explains # "Sadly, these white eells are not 
good for anything." 



What is going on with Danny? To find out, turn to the dinieal Case 


















THE LIVING BODY IS IN OONSTANT CHEMICAL COMMUNICATION with 
the external environment. The lining of the digestive traet absorbs nutrients; 
gases diffuse aeross the delieate epithelium of the lungs; wastes are excreted in 
the feees, urine, saliva, bile, and sweat. These ehemieal exchanges occur at spe- 
eialized sites or organs because all parts of the body are linked together by the 
cardiovascular system. 

We ean eompare the cardiovascular system to the eooling system of a ear. 
The eomponents include a circulating fluid (blood), a pump (the heart), and 
an assortment of conducting pipes (a network of blood vessels). The three 
ehapters on the cardiovascular system focus on eaeh of these eomponents. This 
ehapter discusses the nature of the circulating blood. Chapter 21 discusses the 
structure and function of the heart, and Chapter 22 discusses the network of 
blood vessels and the integrated functioning of the cardiovascular system. You 
will then be ready for ehapter 23, which discusses the lymphatie ( lymphoid ) 
system, whose vessels and organs are structurally and functionally linked to the 
cardiovascular system. 

20.1 Functions and Composition 

of the Blood 

► KEY POINT Blood is a fluid eonneetive tissue that circulates through the 
cardiovascular system. Blood eonsists of plasma and formed elements (red blood 
eells, white blood eells, and platelets). 

Blood is a fluid eonneetive tissue distributing nutrients, oxygen, and hor- 
mones to eaeh of the roughly 75 trillion eells in the human body. Blood 
also earries metabolie wastes to the kidneys for excretion and transports 
speeialized eells that defend peripheral tissues from infeetion and disease. 
Table 20.1 details the functions of the blood. The serviees performed by the 
blood are absolutely essential—so much so that any eell deprived of circulation 
may die within minutes. 

Blood is normally eonfined to the circulatory system. gure 20/ and 
Table 20.2 outline the eomposition of blood. Blood eonsists of the following 
two eomponents: 

o Plasma (PLAZ-mah) is the liquid eomponent of blood. It has a density 
only slightly greater than water. Plasma eontains dissolved proteins and 
other solutes (nutrients, eleetrolytes, and wastes). 

o Formed elements are blood eells (red blood eells and white blood eells) and 
eell fragments (platelets) suspended in the plasma. Red blood eells (RBCs) 


transport oxygen and earbon dioxide. White blood eells (WBCs) are eom- 
ponents of the immune system and are less numerous than RBCs. Platelets 
(PLÀT-lets) are small, membrane-enelosed paekets of eytoplasm eontaining 
enzymes and elotting faetors, proteins that play a role in blood elotting. 

Whole blood is a mixture of plasma and formed elements. Its eompo- 
nents ean be separated, or fraetionated, for elinieal purposes. Whole blood 
is stieky, eohesive, and resistant to flow. These eharaeteristies determine the 
viseosity of a solution. Solutions are eompared with pure water, which has 
a viseosity of 1.0. Plasma has a viseosity of 1.5, but whole blood is 5 times as 
viscous as water. Its high viseosity results from interaetions among dissolved 
proteins, formed elements, and water molecules in plasma. 

Adult males typieally have more blood than do adult females. We ean esti- 
mate blood volume in liters for a person of either sex by calculating 7 pereent 
of the body weight in kilograms. For example, a 75-kg (165-lb) person would 
have a blood volume of approximately 5.25 liters (5.4 quarts). 

Blood is slightly alkaline, with a pH range between 7.35 and 7.45 and a 
temperature of 38°C (100.4°F), slightly higher than normal body tempera- 
ture of 37°C. Ginieians use the terms hypovolemie (hl-pò-vò-LÉ-mik), 
normovolemie (nor-mò-vò-LÉ-mik), and hypervolemie (hl-per-vò-LÉ-mik) 
to refer to low, normal, and excessive blood volumes, respeetively. Low or high 
blood volumes are potentially dangerous. For example, a hypervolemie eondi- 
tion, as seen in kidney failure, causes fluid retention and plaees severe stress on 
the heart, which must push the extra fluid around the circulatory system. 

Plasma 

► KEY POINT Ninety-two pereent of the volume of plasma is water. Water is 
the solvent for a variety of materials, including dissolved gases, eleetrolytes, nu- 
trients, wastes, regulatory substances, and proteins. 

Plasma is approximately 5 5 pereent of the volume of whole blood, and water 
accounts for 92 pereent of the plasma volume. These are average values; actual 
eoneentrations vary depending on (1) the region of the cardiovascular system 
or area of the body sampled and (2) the ongoing aetivity within that particular 
region. Figure 20.1 and Table 20.2 summarize the eomposition of plasma. 

Differenees between Plasma and Interstitial Fluid 

► KEY POINT Plasma and interstitial fluid have similar eoneentrations of ions 
but different eoneentrations of dissolved gases and proteins. Plasma proteins in- 
clude albumins, globulins, and fibrinogen. 


Table 20.1 


Functions of the Blood 


Functions 


1. Transport dissolved gases, bringing oxygen from the lungs to the tissues and earrying earbon dioxide from the tissues to the lungs. 

2. Distribute nutrients absorbed from the digestive traet or released from storage in adipose tissue or the liver. 

3. Transport metabolie wastes from peripheral tissues to sites of excretion, espeeially the kidneys. 

4. Deliver enzymes and hormones to speeifie target tissues. 

5. Stabilize the pH and eleetrolyte eomposition of interstitial fluids throughout the body. By absorbing, transporting, and releasing ions as it circulates, blood 
helps prevent regional variations in the ion eoneentrations of body tissues. An extensive array of buffers enables the bloodstream to deal with the aeids 
generated by tissues, such as the laetie aeid produced by skeletal muscles. 

6. Prevent fluid losses through damaged vessels or at other injury sites. The elotting reaetion seals the breaks in the vessel walls, preventing ehanges in blood 
volume that could seriously affeet blood pressure and cardiovascular function. 

7. Defend against toxins and pathogens. Blood transports white blood eells, speeialized eells that migrate into peripheral tissues to fight infeetions or remove 
debris, and delivers antibodies, speeial proteins that attaek invading organisms or foreign compounds. The blood also eolleets toxins, such as those produced 
by infeetion, and delivers them to the liver and kidneys, where they ean be inaetivated or excreted. 

8. Stabilize body temperature by absorbing and redistributing heat. Aetive skeletal rrmseles and other tissues generate heat, and the bloodstream earries it 
away. When body temperature is too high, blood flow to the skin inereases, as does the rate of heat loss aeross the skin surface. When body temperature 
is too low, warm blood is direeted to the most temperature-sensitive organs. These ehanges in circulatory flow are eontrolled and eoordinated by the 
cardiovascular eenters in the medulla oblongata. 
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Figtire 20.1 The Composition of Whole Blood. The pereentage ranges for vvhite blood eells 
indieate the normal variation seen in a count of 100 vvhite blood eells in a healthy individiial. 
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Table 20.2 Composition of Whole Blood 


Component 

Signifieanee 

PLASMA 

Water 

Dissolves and transports organie and inorganie 
molecules, distributes blood eells, and transfers 
heat 

Eleetrolytes 

Normal extracellular fluid ion eomposition 
essential for vital cellular aetivities 

Nutrients 

Used for energy production, growth, and 
maintenanee of eells 

Organie wastes 

Carried to sites of breakdown or excretion 

Proteins 

Albumins 

Globulins 

Fibrinogen 

Major contributor to osmotie eoneentration of 
plasma; transport some lipids 

Transport ions, hormones, lipids 

Essential eomponent of elotting system; ean be 
eonverted to insoluble fibrin 

FORMED ELEMENTS 

Red blood eells 
(erythroeytes) 

Transport gases (oxygen and earbon dioxide) 

White blood eells 
(leukocytes) 

Defend body against pathogens; remove toxins, 
wastes, and damaged eells 

Platelets 

Partieipate in elotting response 


Interstitial fluid is formed from the blood plasma. Therefore, the two fluids are 
very similar. For example, the ion eoneentrations in plasma are similar to those 
of interstitial fluid but very different from the ion eoneentrations in eytoplasm. 
Two main differenees between plasma and interstitial fluid involve the eoneen- 
trations of dissolved gases and proteins: 

o Concentrations of dissolved oxygen and earbon dioxide: The eoneentration 
of dissolved oxygen in plasma is higher than that of interstitial fluid. As 
a result, oxygen diffuses out of the bloodstream and into peripheral tis- 
sues. The earbon dioxide eoneentration in interstitial fluid is higher than 
that of plasma, so earbon dioxide diffuses out of the tissues and into the 
bloodstream. 

o Concentration of dissolved proteins: Plasma eontains signifieant quantities 
of dissolved proteins, while interstitial fluid does not. The large size and 
globular shapes of these plasma proteins prevent them from erossing eapil- 
lary walls, and they remain trapped within the cardiovascular system. 


The Plasma Proteins 

Plasma proteins make up about 7 pereent of plasma igure 20.1 . One 
hundred milliliters of human plasma normally eontain 6-7.8 g of soluble pro- 
teins. There are three major elasses of plasma proteins: albumins (al-BU-minz), 
globulins (GLOB-u-linz), and fibrinogen (fí-BRIN-ò-jen): 

o Albumins make up about 60 pereent of the plasma proteins. Thus, they 
are the major contributors to osmotie pressure. They are also important in 
transporting fatty aeids, thyroid hormones, some steroid hormones, and 
other substances. 

o Globulins are the seeond most abundant proteins and make up about 
35 pereent of plasma proteins. Globulins include both immunoglobulins 
and transport globulins. Immunoglobulins (im-u-nò-GLOB-u-linz), also 
ealled antibodies, aid in the body’s defense. Transport globulins bind 
small ions, hormones, or compounds that either are insoluble or will be 
filtered out of the blood by the kidneys. 


o Fibrinogen makes up about 4 pereent of plasma proteins. This protein is 
the largest of the plasma proteins and is essential for normal blood elot- 
ting. Under eertain eonditions fibrinogen molecules interaet, forming 
large, insoluble strands of fibrin (FÍ-brin). Fibrin is the basie framework 
of a blood elot (look ahead to gure 20.1 , p. 537). If steps are not taken 
to prevent elotting in a blood sample, fibrinogen (a soluble protein) will 
be eonverted to fibrin (an insoluble protein). To prevent elotting, elotting 
proteins are removed, leaving a fluid known as serum. 

Both albumins and globulins attaeh to lipids that are not water-soluble, 
such as triglyeerides, fatty aeids, or eholesterol. These protein-lipid eombina- 
tions, ealled lipoproteins (lTp-ò-PRÓ-tènz), dissolve in plasma and ean be 
transported as insoluble lipids to peripheral tissues. 

The liver synthesizes and releases more than 90 pereent of the plasma 
proteins. Because the liver is the primary source of plasma proteins, liver disor- 
ders alter the eomposition and functions of the blood. For example, some liver 
diseases lead to uncontrolled bleeding due to the inadequate synthesis of fibrin- 
ogen and other plasma proteins involved in blood elotting. 



CONCEPT CHECK 

1 How would slow blood flow affeet the stability of 
your body f s temperature? 

2 If a person is diagnosed as being hypovolemie, how 
would blood pressure be affeeted? 

3 Why does whole blood have such a high viseosity? 


5ee the blue Ansvvers tab at the baek of the book. 


20.2 Formed Elements 

► KEY POINT The formed elements are red blood eells (erythroeytes), white 

blood eells (leukocytes), and platelets. There are two major elasses of leukocytes: g 
granular and agranular. I 

The major cellular eomponents of blood are erythroeytes (red blood eells) and 
leukocytes (white blood eells). There are two major elasses of leukocytes: granu- I 
lar (with eytoplasmie granules) and agranular (without eytoplasmie granules). 

In addition, blood eontains platelets, noncellular formed elements that func- 
tion in elotting. Table 20.3 summarizes the formed elements of blood. 

Red Blood Cells (RBCs) 

► KEY POINT Red blood eells (RBCs, or erythroeytes) are anucleate, bieoneave 
dises. RBCs eontain hemoglobin, a protein speeialized for oxygen transport. 

Red blood eells (RBCs), or erythroeytes (e-RITH-rò-sTts; erythros, red), 
account for a little less than half of the total blood volume igure 20.1 . The 
pereentage of whole blood eontaining formed elements is ealled the hematoerit 
(hé-MA-tò-krit). The hematoerit in an average adult man is 45 (range: 40-54); 
the hematoerit in an average adult woman is 42 (range: 37-47). Whole blood 
eontains approximately 1000 times more red blood eells than white blood eells. 
Therefore, the hematoerit is a good approximation of the volume of red blood 
eells. As a result, hematoerit values are reported as the voliime of paeked red 
eells (VPRC), or, simply, the paeked eell volume (PCV). 

The number of red blood eells in an average person is staggering. One 
mieroliter (jul), or cubic millimeter (mm 3 ), of whole blood from a man eon- 
tains approximately 5.4 million RBCs. A mieroliter of blood from a woman 
eontains approximately 4.8 million RBCs. There are approximately 260 million 
RBCs in a single drop of whole blood, and 25 trillion (2.5 x 10 13 ) RBCs in the 
blood of an average adult! 
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Table 20.3 


A Review of the Formed Elements of the Blood 


Formed Elements 

Abundance (average per /xl) 

Characteristics 

Functions 

Remarks 

Red blood eells 
(Erythroeytes) 

5.2 million (range: 4.2-6.3 
million) 

Bieoneave dise without a nucleus, 
mitoehondria, or ribosomes; 
red eolor due to presenee of 
hemoglobin molecules 

Transport oxygen from lungs 
to tissues, and earbon dioxide 
from tissues to lungs 

120-day life expectancy; 
amino aeids and iron reeyeled; 
produced in red bone marrow 

White blood eells 
(Leukocytes) 

Grarmlar leukocytes 
(Granulocytes) 

Neutrophils 

Eosinophils 

Basophils 

Agranular leukocytes 
(Agranulocytes) 

Monoeytes 

Lymphoeytes 

7000 (range: 5000-10,000) 




4150 (range: 1800-7300) 
differential count: 50-70% 

Round eell; nucleus resembles 
a series of beads; eytoplasm 
eontains large, pale inclusions 

Phagoeytie; engulf pathogens 
or debris in tissues 

Survive minutes to days, 
depending on aetivity; 
produced in red bone marrow 

165 (range: 0-700) differential 
count: 2-4% 

Round eell; nucleus usually in 
two lobes; eytoplasm eontains 
large granules that stain bright 
orange-red with aeid dyes 

Attaek anything that is labeled 
with antibodies; important in 
fighting parasitie infeetions; 
suppress inflammation 

Produced in red bone marrow 

44 (range: 0-150) differential 
count: <1 % 

Round eell; nucleus usually eannot 
be seen because of dense, purple- 
blue granules in eytoplasm 

Enter damaged tissues and 
release histamine and other 
ehemieals 

Assist mast eells of tissues 
in producing inflammation; 
produced in red bone marrow 

456 (range: 200-950) differential 
count: 2-8% 

Very large, kidney bean- 
shaped nucleus; abundant pale 
eytoplasm 

Enter tissues to beeome 
free maerophages; engulf 
pathogens or debris 

Primarily produced in red bone 
marrow 

2185 (range: 1500-4000) 
differential count: 20-400% 

Slightly largerthan RBC; round 
nucleus; very little eytoplasm 

Cells of lymphatie system, 
providing defense against 
speeifie pathogens or toxins 

T eells attaek direetly; B eells 
form plasma eells that seerete 
antibodies; produced in red bone 
marrow and lymphatie tissues 

Platelets 

350,000 (range: 

150,000-500,000) 

Cytoplasmic fragments; eontain 
enzymes and proenzymes; no 
nucíeus 

Hemostasis: clump together 
and stiek to vessel wall (platelet 
phase); aetivate intrinsie 
pathway of coagulation phase 

Produced by megakaryoeytes 
in red bone marrow 




I Structure of RBCs 

Red blood eells transport oxygen and earbon dioxide within the bloodstream. 
They are among the most speeialized eells of the body, and their anatomieal 
speeialization is apparent when you eompare them with “typiear’ body eells 
igure 20.2a,b]. Eaeh red blood eell is a bieoneave dise with a thin eentral 
region and a thiek outer margin gure 20.2c). The diameter of a typieal RBC 
is 7.7 imm. It has a maximum thiekness of about 2.85 \x m, and the eenter nar- 
rows to about 0.8 /jl m. 

A red blood eell’s unusual bieoneave shape gives eaeh RBC a very large sur- 
faee area. The large surface area permits rapid diffusion between the RBC eyto- 
plasm and the surrounding plasma. As blood circulates from the eapillaries of 
the lungs to the eapillaries in the peripheral tissues and then baek to the lungs, 
RBCs absorb and release respiratory gases. If you estimate the total surface area 
of all of the RBCs in the blood of a typieal adult, you would get approximately 
3800 m 2 —which is 2000 times the total smfaee area ofthe entire body ! 

Their bieoneave shape also allows RBCs to form staeks, like dinner plates. 
These staeks, ealled rouleaux (ru-LÓ; singular, rouleau; “little rolls”), repeat- 
edly form and eome apart without damaging the eells involved. One rouleau 
ean pass through a blood vessel a little larger than the diameter of a single red 
blood eell (Figure 20.2d). In eontrast, individual RBCs would bump into the 
walls, clump together, and form logjams that could bloek the vessel. 

In addition, the slender shape of red blood eells gives them eonsiderable 
strength and flexibility. They ean bend and flex with ease. Changing their shape 
allows individual eells to squeeze through small-diameter, distorted, or eom- 
pressed eapillaries. 


RBC Life Span and Circulation 

During their differentiation and maturation, red blood eells lose most of their 
organelles, retaining only an extensive eytoskeleton. As a result, circulating 
RBCs laek mitoehondria, endoplasmie reticula, ribosomes, and nuclei. (We 
deseribe the proeess of RBC formation in a later seetion.) Without mitoehon- 
dria, these eells obtain energy only by anaerobie metabolism, and they rely on 
glucose obtained from the surrounding plasma. This internal anatomy ensures 
that absorbed oxygen will be earried to peripheral tissues and not “stolen” by 
mitoehondria in the RBCs. In addition, because RBCs laek a nucleus, ER, and 
ribosomes, they eannot use oxygen and nutrients to replaee damaged enzymes 
or structural proteins. 

Red blood eells are exposed to severe stresses. A single trip through the 
entire cardiovascular system takes less than 30 seeonds. In this time a single 
RBC must (1) staek into a rouleau, (2) eontort and squeeze through eapillaries, 
and then (3) join other RBCs in a headlong rush baek to the heart for another 
trip. With all this wear and tear and no way to replaee damaged enzymes 
or structural proteins, a typieal RBC has a short life span—approximately 
120 days. After traveling about 700 miles in 120 days, either the plasma mem- 
brane ruptures or phagoeytie eells deteet and destroy the aging eell. About 
1 pereent of circulating RBCs are replaeed eaeh day, and in the proeess approx- 
imately 3 million new ones enter the bloodstream eaeh seeond ! 

RBCs and Hemoglobin 

A developing red blood eell loses all intracellular organelles not involved with 
its primary functions: oxygen and earbon dioxide transport. A mature red blood 
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Figure 20.2 Histology of Red Blood Cells 
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A seetional view of a red blood eell 



In a histologieal blood smear, 
red blood eells appear as 
two-dimensional objeets 
because they are flattened 
against the surface of the slide. 



A seanning eleetron mierograph 
of red blood eells reveals their 
three-dimensional structure 
quite elearly. 


eell eonsists of a plasma membrane surrounding eytoplasm that eontains water 
(66 pereent) and proteins (about 33 pereent). 

Hemoglobin (HÉ-mò-glò-bin) (Hb) molecules make up more than 
95 pereent of the RBC’s proteins. Hemoglobin is responsible for the eelks abil- 
ity to transport oxygen and earbon dioxide. It is a globular protein that eon- 
tains a nonprotein red pigment. Oxygenated hemoglobin has a bright red eolor, 
while deoxygenated hemoglobin has a deep red eolor. 

Eaeh hemoglobin molecule has a complex shape, and this shape allows 
hemoglobin to earry oxygen. Eaeh Hb molecule has two alpha (u) ehains and 
two beta (/3) ehains of polypeptides. Eaeh Hb ehain eontains a single molecule 
of heme, a nonprotein pigment that forms a ring igure 20.2 . Eaeh heme 
unit holds an iron in such a way that the iron ean interaet with an oxygen 
molecule, forming oxyhemoglobin. Blood that eontains RBCs filled with oxyhe- 
moglobin is bright red. 

The binding of an oxygen molecule to the iron in a heme unit is reversible. 
The iron-oxygen interaetion is very weak. The iron and oxygen ean easily disso- 
eiate without damaging the heme unit or the oxygen molecule. A hemoglobin 
molecule whose iron is not bound to oxygen is ealled deoxyhemoglobin. Blood 
eontaining RBCs filled with deoxyhemoglobin is dark red. 

Eaeh RBC eontains about 280 million Hb molecules. Because one Hb 
molecule eontains four heme units, eaeh RBC ean earry more than a billion 
moleeiiles ofoxygenl 

Hemoglobin also earries 23 pereent of the earbon dioxide transported in 
the blood. Rather than eompeting with oxygen by binding with the iron in 
hemoglobin, earbon dioxide binds to amino aeids of the globin subunits. The 
binding of earbon dioxide to a globin subunit is just as reversible as the binding 
of oxygen to heme. 

The amount of oxygen bound to hemoglobin depends mostly on the oxy- 
gen eontent of the plasma. When the plasma oxygen level is low, hemoglobin 
releases oxygen. Under these eonditions, typieal of peripheral eapillaries, the 
plasma earbon dioxide level is elevated. The alpha and beta ehains of hemo- 
globin then bind earbon dioxide, forming earbaminohemoglobin. In the lung 
eapillaries, the plasma oxygen level is high and the earbon dioxide level is low. 



Seetioned eapillaries |_M x 1430 


Red blood 
eell 

Rouleau 
(staeked RBCs) 

Nucleus of 
endothelial eell 

Blood vessels 
in longitudinal 
seetion 





When traveling through relatively narrow eapillaries, red J 

blood eells may staek like dinner plates, forming a rouleau. I 


Upon reaehing these eapillaries, RBCs absorb oxygen (which is then bound to 
hemoglobin) and release earbon dioxide. 

Blood Types 

The presenee or absenee of speeifie surface antigens in the RBC plasma membrane 
determines an individuaEs blood type. These surface antigens are glyeoproteins 
whose eharaeteristies are genetieally determined. The membrane of a red blood 
eell eontains a number of surface antigens, or agglutinogens (a-glu-TIN-ò-jenz), 
exposed to the plasma. Red blood eells have at least 50 kinds of surface antigens, 
but three surface antigens are of particular importanee: A, B, and Rh (or D). 

The red blood eells of eaeh person have a eharaeteristie eombination of sur- 
faee antigens ure 20.4 . For example, type A blood has antigen A, type B has 
antigen B, type AB has both, and type O has neither A nor B. Individuals with 
these blood types are not evenly distributed throughout the world. The average 
pereentages for various populations in the United States are given in Table 20.4. 

The Rh blood group is based on the presenee or absenee of the Rh surface 
antigen. The term Rh positive (Rh + ) indieates the presenee of this antigen, 
eommonly ealled the Rh faetor. The absenee of this antigen is indieated as Rh 
negative (Rh“). In reeording the eomplete blood type, the term Rh is usually 
omitted, and the types are reported as O negative (O - ), A positive (A + ), and 
so on. 
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Figure 20.3 The Structure of Hemoglobin. Hemoglobin eonsists of four 
globular protein subunits. Eaeh subunit eontains a single molecule of 
heme # a porphyrin ring surrounding a single ion of iron. It is the iron ion 
that reversibly binds to an oxygen molecule. 
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Antibodies and Cross-Reactions Your blood type must be eheeked 

before you give or reeeive blood. This is because your immune system ignores 
the surface antigens on your own red blood eells. (Chapter 23 will discuss this 
ability to reeognize your own body eells.) However, your plasma eontains anti- 
bodies that will attaek “foreign” surface antigens. These antibodies are known 
as agglutinins (ah-GLU-ti-ninz). The blood of a type A, type B, or type O indi- 
vidual eontains antibodies that attaek foreign surface antigens Figure 20.4a' . 
For example, if you have type A blood, your plasma eontains anti-B antibod- 
ies that will attaek type B surface antigens gure 20.4b] . If you are type B, 
your plasma eontains anti-A antibodies. The RBCs of an individual with type O 
blood have neither A nor B surface antigens, and that person’s plasma eontains 
both anti-A and anti-B antibodies. A type AB individual has RBCs with both 
A and B surface antigens, and the plasma does not eontain anti-A or anti-B 
antibodies. The presenee of anti-A and/or anti-B antibodies is genetieally deter- 
mined. These antibodies are present throughout life, regardless of whether the 
person has ever been exposed to foreign RBCs. 

In eontrast, the plasma of an Rh-negative person does not eontain anti-Rh 
antibodies. These antibodies are present only if the person has been sensitized 
by previous exposure to Rh + RBCs. Such exposure ean occur aeeidentally during 
a transfusion, but it ean also aeeompany a seemingly normal pregnaney involv- 
ing an Rh _ mother and an Rh + fetus. 


Table 20.4 


Differenees in Blood Group Distribution 


Pereentage with Eaeh Blood Type 

Population 

o 

A 

B 

AB 

Rh + 

Llnited States 






Blaek Ameriean 

49 

27 

20 

4 

95 

Caucasian 

45 

40 

11 

4 

85 

ehinese Ameriean 

42 

27 

25 

6 

100 

Filipino Ameriean 

44 

22 

29 

6 

100 

Hawaiian 

46 

46 

5 

3 

100 

Hispanie Ameriean 

57 

31 

10 

2 

92 

Japanese Ameriean 

31 

39 

21 

10 

100 

Korean Ameriean 

32 

28 

30 

10 

100 

Native North Ameriean 

79 

16 

4 

<1 

100 

Native South Ameriean 

100 

0 

0 

0 

100 

Australian Aborigine 

44 

56 

0 

0 

100 


A eross-reaetion occurs when an antibody meets its speeifie surface anti- 
gen ure 20.4b). First, the red blood eells clump together, a proeess ealled 
aggliitination (a-glu-ti-NÀ-shun). The RBCs may also hemolyze (rupture). 
The clumps and fragments of RBCs under attaek form drifting masses that ean 
plug small blood vessels in the kidneys, lungs, heart, or brain, damaging or 
destroying affeeted tissues. To avoid eross-reaetions, the blood types of the donor 
and reeipient must be eompatible. This involves ehoosing a donor whose blood 
eells will not undergo a eross-reaetion with the plasma of the reeipient. 

VVhite Blood Cells (WBCs) 

► KEY POINT White blood eells (WBCs, or leukocytes) are elassified into two 
groups: granular leukocytes (which possess eytoplasmie granules) and agranular 
leukocytes (which laek eytoplasmie granules). 

Leukocytes (LU-kò-sTts; leukos, white), or white blood eells (WBCs), are 
found circulating within the blood vessels of the cardiovascular system and 
seattered throughout peripheral tissues. Most of the leukocytes are found in 
peripheral tissues. White blood eells defend the body against invasion by patho- 
gens and remove toxins, wastes, and abnormal or damaged eells. All WBCs are 
as large as or larger than RBCs igure 20.5 . Leukocytes are divided into two 
groups based on the presenee or absenee of eytoplasmie granules: (1) granular 
leukocytes, or granulocytes (GRAN-u-lò-sTts) and (2) agramilar leukocytes, 
or agranulocytes gure 20.5 . 

A mieroliter of blood eontains 5000-10,000 WBCs. A stained blood smear 
provides a differential count of the white blood eell population. The values 
obtained indieate the number of eaeh type of eell in a sample of 100 white 
blood eells. Table 20.3 shows the normal range for eaeh eell type. The endings 
-penia and -osis indieate low and high numbers, respeetively, of speeifie types 
of white blood eells. For example, lymphopenia means too few lymphoeytes, and 
lymphoeytosis means an unusually high number. 

When body eells are infeeted or damaged, they release ehemieals into 
the interstitial fluids that attraet leukocytes. This attraetion to ehemieal 
stirmili is ealled chemotaxis. WBCs are transported in the bloodstream to 
the invading pathogens, damaged tissues, and white blood eells already in 
the damaged tissues. They then eross the endothelial lining of a eapillary by 
squeezing between adjaeent endothelial eells in a proeess ealled diapedesis, 
or emigration. 
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Figure 20.4 Blood Typing. The relative frequencies of eaeh blood type in the U.S. population are 
indieated in Table 20.4. 


Type A 

Type B 

Type AB 

Type O 


Type A blood has RBCs with 
surface antigen A only. 



Surface 
antigen A 



If you have type A blood, your 
plasma eontains anti-B 
antibodies, which will attaek 
type B surface antigens. 


Type B blood has RBCs with 
surface antigen B only. 


Type AB blood has RBCs with 
both A and B surface antigens. 


Type O blood has RBCs laeking 
both A and B surface antigens. 



Surface 
antigen B 






If you have type B blood, your 
plasma eontains anti-A 
antibodies, which will attaek 
type A surface antigens. 


If you have type AB blood, 
your plasma has neither 
anti-A nor anti-B antibodies. 


If you have type O blood, your 
plasma eontains both anti-A and 
anti-B antibodies. 





Blood type depends on the presenee of surface antigens (agglutinogens) on RBC surfaces. The 
plasma eontains antibodies (agglutinins) that will reaet with foreign surface antigens. 



Surface antigens 



Opposing antibodies 


Agglutination (clumping) 



Hemolysis 



ln a eross-reaetion, antibodies reaet with theirtarget antigens, causing agglutination and hemolysis 
of the affeeted RBCs. In this example, anti-B antibodies encounter B surface antigens, which 
causes the RBCs bearing the B surface antigens to clump together and break up. 


Granular Leukocytes 

► KEY POINT On the basis of their staining eharaeteristies, we elassify granular 
leukocytes as neutrophils, eosinophils, or basophils. Neutrophils and eosinophils 
are phagoeytie eells that are important in the immune response. Basophils release 
histamine and heparin. 

Neutrophils 

Fifty to seventy pereent of eireiilating WBCs are neutrophils (NU-trò-filz). 
The eytoplasm of a neutrophil is paeked with pale, neutral-staining granules 
eontaining lysosomal enzymes and baeterieidal (baeteria-killing) compounds 
(Figure 20.E . Eaeh mature neutrophil has a diameter nearly twice that of a 
red blood eell. The nucleus of a neutrophil is very dense and arranged into a 
series of lobes like beads on a string. 

Neutrophils are highly mobile and are usually the first WBCs to arrive at 
an injury site. They are aetive phagoeytes, speeializing in attaeking and digest- 
ing baeteria. Neutrophils have a short life span, surviving in the bloodstream 


for only 10 hours. A neutrophil dies after aetively engulfing one to two dozen 
baeteria, but its death and breakdown release ehemieals that attraet other neu- 
trophils to the site. 

Eosinophils 

Two to four pereent of circulating WBCs are eosinophils (è-ò-SIN-ò-filz; 
eosin + phil, loving). Their eytoplasmie granules stain with eosin, an aeidie red 
dye. Eosinophils are similar in size to neutrophils but have deep red eytoplasmie 
granules and a bilobed (two-lobed) nucleus igure 20.5 . 

Eosinophils attaek objeets that are eoated with antibodies. The number of 
eosinophils inereases dramatieally during an allergie reaetion or parasitie infeetion. 
These WBCs release enzymes that reduce inflammation produced by mast eells and 
neutrophils, which eontrols the spread of inflammation to adjaeent tissues. 

Basophils 

Basophils (BÀ-sò-filz) have numerous eytoplasmie granules that stain deep 
purple or blue with basie dyes gure 20.5). Basophils are rare, accounting 
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Figure 20.5 Histology of White Blood Cells. Histologieal eomparison of leukocytes as seen in blood 
smears. 
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for less than 1 pereent of the circulating WBC population. They migrate to 
sites of injury and eross the eapillary endothelium into the damaged or infeeted 
tissues. There they release their granules into the interstitial fluids. The gran- 
ules eontain histamine and heparin. Histamine dilates blood vessels, and hep- 
arin prevents blood elotting. Stimulated basophils release these ehemieals into 
the interstitial fluids to enhanee the loeal inflammation initiated by mast eells. 
Although mast eells release the same compounds in damaged eonneetive tis- 
sues, mast eells and basophils are distinet populations. Stimulated basophils 
also release other ehemieals that attraet eosinophils and other basophils to the 
area. 


Agraniilar Leukocytes 

► KEY POINT The two elasses of agranular leukocytes—monoeytes and 
lymphoeytes—differ both structurally and functionally. 



Monoeytes 

Two to eight pereent of WBCs are monoeytes (MON-ò-sIts). They are the 
largest white blood eells, with a diameter two to three times larger than an RBC. 
Eaeh monoeyte has a large oval or kidney bean-shaped nucleus igure 20.5 . 

Monoeytes circulate for just a few days before entering peripheral tissues. 
Outside the bloodstream, monoeytes are ealled free maerophages and are very 
different from the immobile fixed maerophages found in eonneetive tissues. 
Free maerophages are highly mobile, phagoeytie eells. They usually arrive at an 
injury site shortly after the first neutrophils. While phagoeytizing, free and fixed 
maerophages release ehemieals that attraet and stimulate other monoeytes and 
other phagoeytie eells. 

Maerophages also seerete substances that attraet fibroblasts into the region. 
The fibroblasts then begin producing sear tissue to wall off the injured area. 


Lymphoeytes 

Lymphoeytes (LIM-fò-sIts) have very little eytoplasm, forming a thin halo 
around a large, round, purple-staining nucleus igure 20.5 . Lympho- 
eytes are slightly larger than RBCs and make up 20-30 pereent of WBCs. 
Those within the bloodstream are a very small pereentage of the entire lym- 
phoeyte population. Lymphoeytes are the primary eells of the lymphatie 
system, a network of speeial vessels and organs distinet from, but eonneeted 
to, those of the cardiovascular system. (We will discuss the lymphatie system 
in ehapter 23.) 

Lymphoeytes are responsible for speeifie immunity. Speeifie immunity 
is the ability of the body to attaek invading pathogens or foreign proteins on 
an individual basis. The circulating blood eontains three functional elasses of 


lymphoeytes. These elasses eannot be distinguished using just a light miero- 
seope. They are as follows: (1) T eells (T lymphoeytes) enter peripheral 
tissues and attaek foreign eells direetly. (2) B eells (B lymphoeytes) differen- 
tiate into plasma eells (plasmoeytes) . Plasma eells seerete antibodies that attaek 
foreign eells or proteins. (3) Natural killer (NK) eells are responsible for 
imrmrne surveillance and the destmetion of abnormal eells. These eells, some- 
times known as large granular lymphoeytes, are important in preventing eaneer. 




TIPS & TOOLS 


The following mnemonie will help you remember the various white 
blood eell populations: a Never Let Monkeys Eat BananasT Neutrophils, 
Lymphoeytes, Monoeytes, Eosinophils, Basophils 


Platelets 

► KEY POINT Platelets are small, membrane-bound, anucleate eytoplasmie 
fragments that play an important role in blood elotting. 

Platelets are flattened, membrane-enelosed eytoplasmie paekets circulat- 
ing in the bloodstream (look baek to ìgure 20.1 e, p. 530). They are formed 
from eells ealled megakaryoeytes (meg-a-KAR-è-ò-sIts; mega-, big, + karyon, 
nucleus, + eyte, eell). Normal red bone marrow eontains a number of mega- 
karyoeytes, which are enormous eells (up to 160 /mm in diameter) with large 
nuclei gure 20.6 . The dense nucleus is lobed or ring-shaped. The surround- 
ing eytoplasm eontains a Golgi apparatus, large numbers of ribosomes, and 
mitoehondria. The plasma membrane communicates inwardly with an exten- 
sive membrane network that radiates throughout the peripheral eytoplasm. 

During their development and growth, megakaryoeytes manufacture struc- 
tural proteins, enzymes, and membranes. They then begin to form platelets by 
shedding eytoplasm in the form of small membrane-enelosed paekets that 
enter the circulation. A mature megakaryoeyte gradually loses all of its eyto- 
plasm, producing around 4000 platelets. Then phagoeytes engulf its nucleus 
and break it down for reeyeling. 

Platelets are continually replaeed; an individual platelet circulates for 
10-12 days before being phagoeytized. A mieroliter of circulating blood eon- 
tains approximately 350,000 platelets. At any moment one-third of the plate- 
lets in the body are held in the spleen and other vascular organs rather than 
in the circulating blood. These reserves are mobilized when a circulatory erisis 
occurs, such as severe bleeding. 
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Figure 20.6 Histology of Megakaryoeytes and Platelet Formation. 

Histologieally, megakaryoeytes stand out in red bone marrovv seetions 
because of their enormous size and the unusual shape of their nuclei. 
These eells are continually shedding chunks of eytoplasm that enter the 
circulation as platelets. 
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An abnormally low platelet count (80,000 per /A or less) is known as 
thromboeytopenia (throm-bò-sT-tò-PÉ-nè-a). This eondition is caused by 
either inadequate platelet production or excessive platelet destmetion. Symp- 
toms include bleeding in the digestive traet and skin and oeeasional bleeding 
inside the CNS. In thromboeytosis (throm-bò-sI-TÓ-sis), an abnormally 
high platelet count, platelet counts often exceed 1,000,000 per /il. This indi- 
eates aeeelerated platelet formation in response to infeetion, inflammation, or 
eaneer. 

Platelets are only one partieipant in a vascular elotting system that also 
includes plasma proteins and eells and tissues of the circulatory system. 
Hemostasis ( haima , blood, + stasis, halt) prevents the loss of blood through 
the walls of damaged vessels. This restriets blood loss and establishes a frame- 
work for tissue repairs. gure 20.Ì shows a portion of a blood elot. 

Hemostasis involves a complex ehain of events, and a disorder that affeets 
any one step ean disrnpt the entire proeess. In addition, there are general 
requirements; for example, a defieieney of calcium ions or vitamin K will inter- 
fere with virtually all aspeets of hemostasis. 

The functions of platelets include the following: 

■ Initiating and eontrolling the elotting proeess by releasing enzymes and 
other faetors at the appropriate times. 

■ Clumping together at an injury site to form a platelet plug that slows the 
rate of blood loss while elotting occurs. 

■ Containing aetin and myosin filaments that interaet and shorten 
during the elotting proeess. After a blood elot has formed, the eontrae- 
tion of platelets shrinks the elot and pulls together the cut edges of the 
vessel wall. 


Figure 20.7 Structure of a Blood Clot. A eolorized seanning eleetron 
mierograph shovving the netvvork of fibers that forms the framevvork of 2 
the elot. Red blood eells trapped in the elot add to its mass and give it a 
red eolor. " 
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CLINICAL NOTE 


Disorders of the Blood, Blood Doping, 
and Treatments for Blood Disorders 


Siekle Cell Disease 


Siekle eell disease, an inherited blood disorder, results from a 
rrmtation affeeting the amino aeid sequence in the beta ehains of the 
hemoglobin (Hb) molecule. When the defeetive hemoglobin releases its 
bound oxygen 7 the Hb molecules cluster into rods, and the red blood 
eells beeome stiff and curved. These "siekled" RBCs beeome trapped in 
eapillaries, reducing oxygen in peripheral tissues and possibly damag- 
ing organs. This is ealled a siekle eell erisis. 

Today, siekle eell disease affeets approximately 0.2 pereent of Blaek 
Amerieans and 0.07 to 0.1 pereent of Hispanie Amerieans. Transfusions 
of healthy blood ean temporarily prevent eomplieations, and treatment 
of affeeted infants with antibioties reduces deaths due to infeetions. 

Siekle eell disease may have developed in areas where malaria 
is endemie. Siekled eells infeeted with malaria parasites eollapse and 
prevent the parasites from multiplying # giving people with siekle eell 
disease or people who are earriers for siekle eell disease immunity and 
thus a proteetive advantage against malaria. 



Anemia and Polyeythemia 

Anemia (a-NÉ-mé-a) is any eondition in which the oxygen-carrying 
eapaeity of the blood is reduced # diminishing the delivery of oxygen to 
peripheral tissues. This reduction may be asymptomatie or cause a vari- 
ety of symptoms # including lethargy, weakness # or premature muscle 
fatigue. Anemia may exist because the hematoerit is abnormally low or 
the amount of hemoglobin in the RBCs is reduced. Standard laboratory 
tests ean differentiate between the various forms of anemia on the 
basis of the number # size # shape # and hemoglobin eontent of red blood 
eells. Treatment depends on the speeifie type. 

Polyeythemia is an abnormally high number of RBCs in circulating 
blood. Polyeythemia vera is a ehronie form of polyeythemia of unknown cause 
eharaeterized by bone marrow hyperplasia # inereased blood volume # and 
splenomegaly. The hematoerit may reaeh 80-90 # at which point the tissues 
beeome oxygen-starved because red blood eells bloek the smaller vessels. 

Most eases of polyeythemia involve people aged 60-80. There are 
several treatment options # but no cure as yet. The simplest treatment is 
periodie phlebotomy, or drawing off a unit of blood. 



Hemophilia 

Hemophilia (hè-mó-FÉL-é-a) is an inherited blood disorder eharaeter- 
ized by inadequate production of elotting faetors. The eondition affeets 
about 1 person in 10 # 000 # and most are males. The severity of hemo- 
philia varies. In severe cases # even the slightest physieal stress causes 
excessive bleeding # and internal bleeding occurs spontaneously in joints 
and around rrmseles. 



Transfusions of elotting faetors often reduce or eontrol the symp- 
toms of hemophilia # but plasma samples from many individuals must 
be eombined to obtain enough elotting faetors. This proeess is expen- 
sive and inereases the risk of blood-borne infeetions. Gene-splieing 
techniques ean be used to manufacture the elotting faetor most often 
involved (faetor VIII). Although currently supplies are limited # this pro- 
cedure should eventually provide a safer treatment. 

Blood Doping 

Blood doping is the use of RBC transfusions or RBC-enhancing drugs 
(erythropoietin) to improve athletie performanee. Blood doping in vari- 
ous forms has beeome widespread among eompetitive athletes. 

One procedure entails removing whole blood from the athlete in 
the weeks before an event. The paeked red eells are separated from 
the plasma and stored. In the meantime # the athlete's red bone mar- 
row replaees the lost eells. Immediately before the event # the paeked 
red eells are reinfused # inereasing the hematoerit. The objeetive is to 
raise the oxygen-carrying eapaeity of the blood # thereby inereasing 
performanee. However # this also plaees the athlete's heart under tre- 
mendous strain. The long-term effeets are unknown # but this praetiee 
earries a signifieant risk of stroke or heart attaek. Training at high alti- 
tudes is a safer and currently aeeeptable alternative. 
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CLINICAL NOTE ( continued) 


I-'N 



Treatment of Blood Disorders 

Transfusions 

A transfusion is the transfer of blood or blood eomponents from one 
person to another. Transfusions of vvhole blood are most often used 
to restore blood volume after massive hemorrhaging has occurred. An 
exchange transfusion is the removal of most of a person's blood and 
simultaneous replaeement vvith an equal amount from a donor. This 
may be neeessary to treat acute drug poisoning or hemolytie disease of 
the nevvborn (maternal-ehild Rh ineompatibility). 

The blood is obtained under sterile eonditions from carefully 
sereened donors. It is tested for infectious baeteria and viruses and dis- 
earded if pathogens are deteeted. Whole blood is treated to prevent 
elotting and stabilize the red blood eells and then is refrigerated. ehilled 
vvhole blood remains usable for around 3.5 vveeks. For longer storage, 
the blood must be fraetionated. The red blood eells are separated from 
the plasma, and if neeessary they may be frozen after treatment vvith a 
speeial antifreeze solution. The plasma ean then be stored ehilled, fro- 
zen # or freeze-dried. This procedure permits long-term storage of rare 
blood types that might othervvise be unavailable for emergeneies. 

Fraetionated blood has many uses. Paeked red blood eells (PRBCs) # 
vvhole blood without the plasma # are preferred for eases of anemia # 
in which blood volume may be elose to normal but its oxygen-carrying 
eapabilities are low. Plasma may be administered to patients who are 
losing massive amounts of fluid # such as after severe burns. 


In the llnited States # the demand for blood or blood eompo- 
nents often exceeds the supply. Moreover, there is inereasing eoneern 
about the risk of eontaminated blood infeeting reeipients with hepa- 
titis viruses or HIV (the virus that causes AIDS). As a result # transfusion 
praetiees have ehanged. In general # fewer units of blood are now 
administered. There has also been an inerease in autologous transfusion, 
in which blood is removed from a person # stored # and later trans- 
fused baek into the same person when needed # such as during sur- 
gery. Moreover, teehnology permits the reuse of blood "lost" during 
surgery. The blood 
is eolleeted and 
filtered # the plate- 
lets are removed # 
and the remainder 
of the blood is 
reinfused into the 
patient. 

Plasma Expanders 

Plasma expanders 

are solutions used 
for transfusion in 
hemorrhage or 
shoek as a substi- 
tute for plasma. 

They inerease 
blood volume 
temporarily, over 
a period of hours # 
while preparing 
for a transfusion 
of whole blood. 

Plasma expanders 
eontain large 
earbohydrate mol- 
ecules # rather than 
dissolved proteins # 

to maintain proper osmolarity. Although these earbohydrates are 
not metabolized # phagoeytes gradually remove them and the blood 
volume steadily deereases. Plasma expanders are easily stored and 
transported # and their sterile preparation ensures that there are 
no problems with viral or baeterial eontamination. Although they 
provide a temporary solution to hypovolemia (low blood volume) # 
plasma expanders do not inerease the amount of oxygen delivered to 
peripheral tissues. 



r 

20 




CONCEPT CHECK 

4 If the hematoerit value of a vvoman's blood is 42, vvhat 
pereentage of red blood eells is present in her blood? 

5 Hovv does the shape of red blood eells aid in blood 
flovv? 

6 What type of vvhite blood eells appear in the 
greatest number in an infeeted cut? 

7 What is the function of the granules in basophils? 


See the blue Ansvvers tab at the baek of the book. 


20.3 Hemopoiesis 

Hemopoiesis (hèm-ò-poy-É-sis) is the proeess of blood eell formation. Stem 
eells, ealled hematopoietie stem eells, ultimately give rise to all blood eells by 
a proeess outlined in igure 20.8. 

Erythropoiesis 

► KEY POINT In adults # erythropoiesis occurs primarily within the red marrow 
of bones. Erythropoietin (EPO) regulates this proeess. 
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Figure 20.8 The Origins and Differentiation of Formed Elements. Hematopoietie stem eells give 
rise to both myeloid and lymphatie stem eells. Myeloid stem eells produce progenitor eells, vvhieh 
divide to produce the various elasses of blood eells. 
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Erythropoiesis (e-rith-rò-poy-E-sis) refers speeifieally to the formation of 
erythroeytes gure 20.8 . Erythropoiesis begins early in embryonie develop- 
ment. In adults, the red bone marrow is the primary site of blood eell for- 
mation. Red bone marrow is found in portions of the vertebrae, sternum, ribs, 
skull, scapulae, pelvis, and proximal limb bones. Under extreme eonditions 
the fatty yellow bone marrow in other bones ean be eonverted to red bone 
marrow. For example, this eonversion occurs after a severe blood loss, 
inereasing the rate of red blood eell formation. For normal erythropoiesis, the 
RBC-forming tissues must reeeive adequate supplies of amino aeids, iron, and 
vitamin B 12 , a vitamin obtained from dairy products and meat. 

Erythropoiesis is regulated by the hormone erythropoietin (EPO). 
to p. 518 Erythropoietin is a glyeoprotein formed by the kidneys and liver under 
hypoxic (low-oxygen) eonditions. Erythropoietin has two major effeets: 

o It stimulates eell division rates in erythroblasts and in the stem eells that 
produce erythroblasts. 

o It speeds up the maturation of RBCs, mainly by aeeelerating Hb synthe- 
sis. Under maximum EPO stimulation, red bone marrow ean inerease RBC 
formation tenfold, to about 30 million eells per seeond. 

A maturing red blood eell passes through a series of developmental stages as 
seen in gure 20.8. 

Leukopoiesis 

► KEY POINT Leukopoiesis is the formation of white blood eells. In adults, leu- 
kopoiesis occurs in the red bone marrow. 

The proeess of WBC production is ealled leukopoiesis (lu-kò-POY-eh-sis). It 
begins early in embryonie development. Stem eells responsible for leukopoiesis 


originate in the red bone marrow gure 20.8]. Stem eells responsible for 
producing lymphoeytes, a proeess ealled lymphopoiesis, also originate in the 
red bone marrow. Some lymphoeytes are derived from lymphoid stem eells that 
remain in red bone marrow. These lymphoeytes differentiate into either B eells 
or NK eells. 

Many of the lymphoid stem eells that produce lymphoeytes migrate from 
the red bone marrow to peripheral lymphatie tissues, including the thymus, 
spleen, and lymph nodes. As a result, lymphoeytes are produced in these organs 
as well as in the red bone marrow. Lymphoid stem eells migrating to the thy- 
mus mature into T eells. (We will eonsider formation of lymphoeytes in more 
detail in ehapter 23.) 

Faetors regulating lymphoeyte maturation are not eompletely understood. 
However, prior to maturity, hormones of the thymus gland promote the dif- 
ferentiation and maintenanee of T eell populations. Several hormones, ealled 
colony-stimulating faetors (CSFs), are involved in regulating other WBC 
populations. Commercially available CSFs are now used to stimulate the pro- 
duction of WBCs in individuals undergoing eaneer ehemotherapy. 

20.3 CONCEPT CHECK 

8 What are the two main effeets of erythropoietin? 

9 What is the fiinetion of hematopoietie stem eells? 

10 What is the next stage of red blood eell maturation 
after ejeetion of the nucleus? 

11 What eell sheds eytoplasmie paekets to produce 
platelets? 

5ee the blue Ansvvers tab at the baek of the book. 


Study Outline 


introdiietion p. 529 

■ The cardiovascular system provides a meehanism for the rapid 
transport of nutrients, waste products, and eells within the body. 

20.1 Functions and Composition of the Blood p. 529 

Blood is a speeialized eonneetive tissue. Its functions include 
(1) transporting dissolved gases, (2) transporting and 
distributing nutrients, (3) transporting metabolie wastes, 

(4) transporting and delivering enzymes and hormones, (5) 
stabilizing the pH and eleetrolyte eomposition of interstitial 
fluids, (6) restrieting fluid losses through damaged vessels 
or injuries via the elotting reaetion, (7) defending the 
body against toxins and pathogens, and (8) stabilizing body 
temperature by absorbing and redistributing heat. fSee Figure 
20.1 and Tables 20.1 and 20.2.) 

m Blood eonsists of two eomponents: plasma, the liquid matrix of 
blood, and formed elements, which are red blood eells (RBCs 
or erythroeytes), white blood eells (WBCs or leukocytes), and 
platelets. The plasma and formed elements constitute whole 
blood, which ean be fraetionated for analytieal or elinieal 
purposes. fSee Figure 20.1 and Table 20.2.) 

m There are 4-6 liters of whole blood in an average adult. The terms 

hypovolemie, normovolemie, and hypervolemie referto low, 
normal, and excessive blood volume, respeetively. 


Plasma p. 529 

■ Plasma accounts for about 55 pereent of the volume of blood; roughly 
92 pereent of plasma is water. (5ee Figure 20.1 and Table 20.2.) 

Differenees between Plasma and Interstitial Fluid p. 529 

■ Plasma differs from interstitial fluid because it has a higher dissolved 
oxygen eoneentration and large numbers of dissolved proteins. 
There are three elasses of plasma proteins: albumins, globulins, and 
fibrinogen. (See Figures 20.1 and 20.7 and Table 20.2.) 

m Albumins constitute about 60 pereent of plasma proteins. 

Globulins constitute roughly 35 pereent of plasma proteins: They 
include immunoglobulins (antibodies), which attaek foreign 
proteins and pathogens, and transport globulins, which bind 
ions, hormones, and other compounds. Fibrinogen molecules 
function in the elotting reaetion by interaeting to form fibrin; 
removing fibrinogen from plasma leaves a fluid ealled serum. 
When albumins or globulins beeome attaehed to lipids, they form 
lipoproteins, which are earried in the circulatory system until the 
lipids are delivered to the tissues. fSee Table 20.2.) 

20.2 Formed Elements p. 531 

Red Blood Cells (RBCs) p. 531 

■ Red blood eells (RBCs), or erythroeytes, account for slightly less 
than half the blood volume. The hematoerit value indieates the 
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pereentage of who!e blood occupied by cellular elements. Sinee 
blood eontains about 1000 RBCs for eaeh WBC f this value elosely 
approximates the volume of RBCs. fSee Figures 20.2-20.4.) 

m RBCs transport oxygen and earbon dioxide within the 

bloodstream. They are highly speeialized eells with large surface- 
to-volume ratios. Eaeh RBC is a bieoneave dise. This shape gives 
RBCs a large surface area f allowing for rapid diffusion of gases 
and the ability to form staeks (ealled rouleaux) that ean pass 
easily through small vessels. 

■ Because RBCs laek mitochondria f ribosomes f and nuclei f they 
are unable to perform normal maintenanee operations f so they 
usually degenerate after about 120 days in the circulation. 
Damaged or dead RBCs are reeyeled by phagoeytes. fSee Figure 
20.2 and Table 20.3.) 

Molecules of hemoglobin (Hb) account for more than 95 pereent 
of the RBCs # proteins. Hemoglobin gives RBCs the ability to 
transport oxygen and earbon dioxide. Hemoglobin is a globular 
protein formed from four subunits. Eaeh subunit eontains a single 
molecule of heme, which holds an iron ion that ean reversibly bind 
an oxygen molecule. At the lungs f earbon dioxide diffuses out of 
the blood and oxygen diffuses into the blood. In the peripheral 
tissues f the opposite occurs: Oxygen diffuses out of the blood and 
earbon dioxide diffuses into the blood. (See Figure 20.3.) 

m One's blood type is determined by the presenee or absenee of 
speeifie surface antigens ( agglutinogens ) in the RBC plasma 
membrane: A f B f and Rh (D). Type A blood has surface antigen A f 
type B blood has surface antigen B f type AB has both f and type O 
has neither. Rh-positive blood has the Rh surface antigen f and 
Rh-negative does not. Antibodies speeifie to these surface 
antigens are ealled agglutinins. Antibodies within a person's plasma 
will reaet with RBCs bearing foreign surface antigens f causing a 
eross-reaetion. (5ee Figure 20.4 and Table 20.4.) 

White Blood Cells (WBCs) p. 534 

■ White blood eells (WBCs) f or leukocytes, defend the body against 
pathogens and remove toxins f wastes f and abnormal or damaged 
eells. The two elasses of WBCs are granular leukocytes (granulocytes) 
and agranular leukocytes (agranulocytes). (5ee Figure 20.5.) 

m A stained blood smear provides a differential count of the white 
blood eell population. The word endings -penia and -os/s are used 
to indieate low or high numbers f respectively f of speeifie types of 
white blood eells. 

Leukocytes show chemotaxis (the attraetion to speeifie ehemieals) 
and diapedesis, or emigration (the ability to move through vessel 
walls). 

Granular Leukocytes p. 535 

■ Granular leukocytes (granulocytes) are subdivided into 
neutrophils f eosinophils, and basophils. Fifty to seventy pereent 


of circulating WBCs are neutrophils f which are highly mobile 
phagoeytes. The much less eommon eosinophils are phagoeytie 
cells f which are attraeted to foreign compounds that have reaeted 
with circulating antibodies. The relatively rare basophils migrate to 
damaged tissues and release histamines f aiding the inflammation 
response. fSee Figure 20.5 and Table 20.3.) 

Agranular Le ikoeytes p. 536 

Agranular leukocytes (agranulocytes) are subdivided into 
monoeytes and lymphoeytes. Monoeytes migrating into 
peripheral tissues beeome free macrophages f which are highly 
mobile f phagoeytie eells. Lymphocytes f the primary eells of the 
lymphatie system, eonsist of T eells (which enter peripheral 
tissues and attaek foreign eells direetly), B eells (which produce 
antibodies) f and NK eells (which destroy abnormal tissue eells). 

(See Figure 20.5 and Table 20.3.) 

Platelets p. 536 

■ Platelets are not eells but are membrane-enelosed paekets of 
eytoplasm. 

■ Megakaryoeytes are enormous eells in the bone marrow that 
release paekets of eytoplasm (platelets) into the circulating 
blood. The functions of platelets include (1) transporting 
ehemieals important to the elotting process f (2) forming a 
temporary pateh in the walls of damaged blood vessels f and (3) 
causing eontraetion after a elot has formed in order to reduce 
the size of the break in the vessel wall. fSee Figures 20.6 and 20.7 
and Table 20.3.) 

20.3 Hemopoiesis p. 539 

■ Hemopoiesis is the proeess of blood eell formation. Stem eells 
ealled hematopoietie divide to form all of the blood eells. 

(See Figure 20.8.) 

Erythropoiesis p. 539 

■ Erythropoiesis, the formation of erythrocytes f occurs mainly 
within the red bone marrow in adults. RBC formation inereases 
under the influence of erythropoietin (EPO). Stages in RBC 
development include erythroblasts and reticulocytes. (See Figure 
20 . 8 .) 

Leukopoiesis p. 541 

■ Leukopoiesis, the formation of white blood cells f begins in 
red bone marrow. Stem eells in red bone marrow produce 
granular leukocytes and monoeytes. Stem eells responsible for 
lymphopoiesis (production of lymphoeytes) also originate in red 
bone marrow f but many migrate to peripheral lymphatie tissues. 
(See Figure 20.8.) 

m Faetors that regulate lymphoeyte maturation are not eompletely 
understood. Several colony-stimulating faetors (CSFs) are 
involved in regulating other WBC populations. 
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ehapter Revievv 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

1. The five figures to the right are labeled a 
through e. Fill in the blanks with the proper 
identifieation. 

(a) _ 

(b) _ 

(e)_ 

(d) _ 

(e) _ 




2. Functions of the blood include 

(a) transport of nutrients and wastes. 

(b) regulation of pH and eleetrolyte 
eoneentrations. 

(e) restrieting fluid loss. 

(d) all of the above. 

3. The most eommon formed elements in the 
blood are the 

(a) platelets. 

(b) white blood eells. 

(e) proteins. 

(d) red blood eells. 

4. The most abundant proteins in blood are 

(a) globulins. 

(b) albumins. 

(e) fibrinogens. 

(d) lipoproteins. 

5. The major elasses of white blood eells 
include 

(a) erythroeytes and platelets. 

(b) granular and agranular eells. 

(e) fibrinogens and eollagen fibers. 

(d) macromolecules and eolloids. 

6. Stem eells responsible for the production of 
white blood eells originate in the 

(a) liver. 

(b) thymus. 

(e) spleen. 

(d) red bone marrow. 

7. Which of the following statements 
eoneerning red blood eells (RBCs) is not true? 

(a) RBCs are bieoneave dises. 

(b) RBCs laek mitoehondria. 

(e) RBCs have a large nucleus. 

(d) RBCs ean form staeks ealled rouleaux. 

8. The primary function of hemoglobin is to 

(a) store iron. 

(b) transport glucose. 

(e) give RBCs their eolor. 

(d) earry oxygen to peripheral tissues. 

9. People with type A blood have 

(a) A surface antigens on their red blood 
eells. 

(b) B surface antigens in their plasma. 

(e) anti-A antibodies in their plasma. 

(d) anti-0 antibodies in their plasma. 


10. The white blood eells that inerease in 
number during an allergie reaetion or in 
response to parasitie infeetions are the 

(a) neutrophils. 

(b) eosinophils. 

(e) basophils. 

(d) monoeytes. 

11. Platelets are 

(a) large eells that laek a nucleus. 

(b) small eells that laek a nucleus. 

(e) fragments of eells. 

(d) small eells with an irregular-shaped 
nucleus. 


3. Iron defieieney results in which of the 
following? 

(a) deereased leukocyte count 

(b) deereased monoeyte count 
(e) anemia 

(d) polyeythemia 

4. VVhat is the volume of paeked red eells # 
and why is it sometimes ealled "paeked eell 
volume"? 

5. VVhat is the function of the elotting 
reaetion? 

6. VVhat is the fate of megakaryoeytes? 


Level 2 Revievving Concepts 


7. VVhat are lipoproteins, and what is their 
function in the blood? 


1. How does the reaetion of an Rh-positive or 
Rh-negative blood type differ from that of 
types A, B, and O? 

(a) There are no signifieant differenees; 
these blood types reaet all the same way. 

(b) The blood of an Rh-positive individual 
eontains Rh-positive surface antigens, and 
the blood of an Rh-negative individual 
eontains Rh-negative surface antigens. 

(e) The blood of an Rh-negative individual 
eontains anti-Rh surface antigens only if 
he or she has been sensitized by previous 
exposure to Rh-positive erythroeytes. 

(d) The response is greater in a manner 
inverse to the amount of different Rh 
blood administered to the individual. 

2. VVhy does the laek of mitoehondria make an 
erythroeyte more effieient at transporting 
oxygen? 

(a) Sinee an erythroeyte transports gases 
passively, mitoehondria would be useless # 
occupying valuable spaee within the eell. 

(b) Mitoehondria require a large amount 
of energy to function # and so an 
erythroeyte laeking them has more 
energy to transport oxygen. 

(e) Sinee an erythroeyte transports gases 
passively, ATP is not needed for aetive 
transport proeesses, and therefore 
mitoehondria are not needed and the 
energy mitoehondria require is used to 
transport oxygen. 

(d) Without mitoehondria, the erythroeyte 
will not use the oxygen it absorbs and ean 
therefore earry all of it to peripheral tissues. 


8. Can a person with type O blood reeeive type 
AB blood? Why or why not? 

Level 3 Critical Thinking 

1. Why do athletes, several months before 
a competition # often move to elevations 
higher than those at which they wi11 
eompete? 

2. Mononudeosis is a disease that ean cause 
an enlarged spleen because of inereased 
numbers of phagoeytie and other eells. 
Common symptoms include pale complexion # 
a tired feeling # and a laek of energy # 
sometimes to the point of not being able to 
get out of bed. What causes these symptoms? 

MasteringA&P” 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) p 


■ A&P Flix for anatomy 
topies 
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CLINICAL CASE I WRAP-UP 

L_I_J 


A Surplus of WBCs 

Danny is suffering from acute lymphoeytie ( lymphoblastie ) leukemia 
(ALL) 7 a eaneer of lymphoeytes. It is eharaeterized by inereased 
numbers of abnormal WBCs in the red bone marrovv and peripheral 
blood. In ALL f cancerous lymphatie stem eells take over the red bone 
marrovv. It is the most eommon type of ehildhood eaneer. 

Normally, lymphoblasts mature into lymphoeytes before being 
released into the blood. But in Danny's case f many abnormal, immature 
lymphoblasts are released. These eells do not function as normal 
lymphoeytes, and they build up and erovvd out healthy eells. Danny has 
too fevv red blood eells and very fevv platelets. This is vvhy he is so pale 
and bleeds easily. The abnormal lymphoblasts have also invaded his 
spinal cord # brain, thymus # liver # and spleen. 

The good nevvs is that vvith aggressive treatment # Danny has a 
95 pereent ehanee of going into remission. ehemotherapy vvill be given 
orally # intravenously # and intratheeally (direetly into his eerebrospinal 
fluid). And # if all else fails # Danny has four siblings vvho could donate 
bone marrovv for a transplant. Even though Danny's ehemotherapy vvill 
make him bald for a while # bald is beautiful. 




Danny's peripheral blood smear shows very few RBCs and many immature 
lymphoblasts. 

1. If Danny were suffering from acute myeloid leukemia # what type of 
white eell would you predominantly see in his blood smear? 

2. How many white blood eells and what pereentage of lymphoeytes 
are seen in the blood of healthy ehildren? 

See the blue Ansvvers tab at the baek of the book. 

_ ) 


Related eiinieal Terms 


20 


blood bank: Plaee where blood is collected # 
typed # separated into components # stored # 
and prepared for transfusion to reeipients. 

dyserasia: An abnormal condition # espeeially 
of the blood. 

hematology: The seienee eoneerned with 
the medieal study of blood and blood- 
producing organs. 

myeloproliferative disorders: A 

group of slow-growing blood cancers # 


including ehronie myelogenous leukemia # 
eharaeterized by large numbers of abnormal 
RBCs # WBCs # or platelets growing and 
spreading in the bone marrow and the 
peripheral blood. 

phlebotomist: Medieal teehnieian who 
extracts blood by venipuncture for 
treatment or for laboratory analysis. 

septieemia: Systemie toxic illness due to 
baeterial invasion of the bloodstream 


from a loeal infeetion. Signs and symptoms 
include chills # fever # and exhaustion. The 
disorder is treated with massive doses of 
antibioties. Also known as blood poisoning. 

thrombolytie: An agent that causes the 
breakup of a thrombus (elot). 
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Learning Outcomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


21.3 


Compare and eontrast the pulmonary and 
systemie circuits. 

Outline the anatomy of the pericardium. p. 546 

Deseribe the maeroseopie and mieroseopie 
anatomy of the heart wall. p. 548 


A Broken Heart 




Outline how the heart is orientated within 
the thoraeie eavity and explain the superficial 
anatomy of the heart. p. 550 

Compare and eontrast the anatomy of the four 
ehambers of the heart. p. 553 

Compare and eontrast the anatomy of the right 
and left eoronary arteries. p. 555 

Explain what paeemaker eells are and the role 
they play ín eoordinating the eardiae eyele. p. 561 



Outlìne the events of the eardiae eyele. p. 562 

Outlìne how the heart rate is modified by the 
autonomic nervous system. p. 562 


A busy attorney and primary earegiver for her terminally ill mother, 57-year- 
old Ellen ean't remember the last time she could relax. Today her mother has 
been rushed to the hospital again. As her mother is wheeled away for yet 
another x-ray # Ellen is nearly paralyzed with grief. Suddenly # she beeomes 
weak # dizzy # and nauseated. She feels a heavy # crushing pain in her ehest and 
begins sweating profusely. Her heart is thumping as if it's skipping beats. 

She eollapses into a hospital ehair and vomits onto the floor. 

A nurse eomes to the door # takes one look at Ellen # and ealls a eode 
blue—a warning that someone is experiencing a cardiopulmonary arrest. 

As doetors rush in and apply eardiae monitors to her chest # Ellen loses 
consciousness. 

What is happening to Eílen? To find out, turn to the dinieal Case 
Wrap-Up on p. 566. 
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EVERY LIVING CELL RELIES on the surrounding interstitial fluid as a source of 
oxygen and nutrients and as a plaee to dispose of wastes. Continuous exchange 
between the interstitial fluid and the circulating blood stabilizes the levels of gases, 
nutrients, and wastes in the interstitial fluid. This eonstant blood supply is essential 
for homeostasis. If blood flow stops, oxygen and nutrients in the blood are quickly 
depleted, wastes eannot be disearded, and hormones and white blood eells eannot 
reaeh their targets. Therefore, all the functions of the cardiovascular system depend 
on the heart, because it is the heart that keeps blood moving. This muscular organ 
beats approximately 100,000 times eaeh day. Eaeh year, your heart pumps more 
than 1.5 million gallons of blood—enough to fill 200 train tank ears! 

To appreeiate your heart’s pumping abilities, turn on the faucet in your 
kitehen and open it all the way. You would have to leave that faucet on for 
45 years to deliver an amount of water equal to the volume of blood pumped by 
the heart in an average lifetime. 

The nervous system elosely monitors and regulates the performanee of the heart 
to ensure that gas, nutrient, and waste levels in peripheral tissues remain within nor- 
mal limits, whether you are sleeping peacefully, reading a book, or mnning a mar- 
athon. As a result of the nervous system’s monitoring and regulation, the volume 
of blood pumped by the heart varies widely, ranging from 5 to 30 liters per minute. 

In this ehapter we examine the structural features that enable your heart 
to perform so reliably. We will then examine the meehanisms that regulate 
eardiae aetivity to meet your body’s ever-ehanging needs. 


21.1 An Overview of the Cardiovascular 

System 

► KEY POINT The cardiovascular system is eomposed of the heart and a net- 
work of blood vessels. The blood vessel network is divided into a pulmonary eir- 
cuit and a systemie circuit. Eaeh of these circuits begins and ends at the heart. 



The heart is a small organ—roughly the size of your fist. It has four muscular eham- 
bers, the right and left atria (À-tré-a; singular, atriimi; “ehamber”) and right and left 
ventrieles (VEN-tri-kls; “little belly”). These four ehambers work together, pumping 
blood through a network of blood vessels that eonneet the heart to peripheral tissues. 

The network of vessels is divided into two circuits: the pulmonary circuit 
and the systemie circuit. The pulmonary circuit earries earbon dioxide-rich 
blood from the heart to the gas exchange surfaces of the lungs and returns oxy- 
gen-rieh blood to the heart. The systemie circuit transports oxygen-rich blood 
from the heart to the rest of the body’s eells and returns earbon dioxide-rich 
blood baek to the heart. The right atrium reeeives blood from the systemie eir- 
cuit, and the right ventriele pumps blood into the pulmonary circuit. The left 
atrium reeeives blood from the pulmonary circuit, and the left ventriele pumps 
blood into the systemie circuit. With eaeh heartbeat, the atria eontraet first, fol- 
lowed by the ventrieles. The two ventrieles eontraet at the same time and ejeet 
equal volumes of blood into the pulmonary and systemie circuits. 

Eaeh circuit begins and ends at the heart, and blood flows through these 
circuits in sequence. Thus, blood returning to the heart from the systemie 
circuit must eomplete the pulmonary circuit before re-entering the systemie 
circuit. The blood vessels of both circuits are arteries, veins, and eapillaries. 
Arteries transport blood away from the heart; veins return blood to the heart. 
Capillaries are small, thin-walled vessels eonneeting the smallest arteries and 
veins :gure 21.1). Capillaries are ealled exchange vessels because their thin 
walls permit exchange of nutrients, dissolved gases, and wastes between the 
blood and surrounding tissues. 



CONCEPT CHECK 

1 What are the two circuits of the cardiovascular 
system, and what are their functions? 


5ee the blue Ansvvers tab at the baek of the book. 


Figure 21.1 A Generalized View of the Pulmonary and Systemie 
Circuits. Blood flows through separate pulmonary and systemie circuits # 
driven by the pumping of the heart. Eaeh circuit begins and ends at the 
heart and eontains arteries, eapillaries, and veins. Arrows indieate the 
direetion of blood flow within eaeh circuit. 
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21.2 The Pericardium 

► KEY POINT The heart sits within the mediastinum, loeated between the two 
pleural eavities. The pericardium, which surrounds the heart, is eomposed of a 
fibrous pericardium and a serous pericardium. 


The heart is loeated near the anterior ehest wall, direetly posterior to the ster- 
num. The mediastinum eontains the great vessels, which are attaehed at the base 
of the heart, as well as the thymus, esophagus, and traehea gure 21.2a,c . 

The perieardiiim surrounds the heart and is eomposed of two parts: an 
outer fibrous pericardium and an inner serous pericardium "gure 21.2b' . 
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Figure 21.2 Loeation of the Heart in the Thoraeie Cavity. The heart 
is loeated within the middle portion of the mediastinom, immediately 
posterior to the sternum. 
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Anterior view of the open ehest eavity showing the 
position of the heart, major vessels, and lungs. The 
seetional plane indieates the orientation of part (e). 
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Relationships between the heart and the perieardial 
eavity. The perieardial eavity surrounds the heart like 
the balloon surrounds the fist (right). 
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A superior view of the organs in the mediastinum; portions of the lungs have been removed to reveal blood vessels and 
airways. The heart is loeated in the anterior part of the mediastinum, immediately posterior to the sternum. 
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View of a horizontal seetion through the trunk at the level of vertebra T 8 . 
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The fibrous perieardiiim is eomposed of a dense network of eollagen fibers 
that stabilize the position of the heart and assoeiated vessels within the 
mediastinum. 

The lining of the pericardium is the serous pericardium. This two-layered 
membrane is eomposed of an outer parietal layer and an inner viseeral layer. 
The viseeral layer is also known as the epieardiiim. The potential, fluid-filled 
spaee between these two serous layers is the perieardial eavity Figure 21.2b-d' . 
The perieardial eavity normally eontains up to 50 mL of perieardial fluid, 
seereted by the perieardial membranes. This fluid aets as a lubricant, reducing 
frietion between the opposing viseeral and parietal surfaces as the heart beats. 
To visualize the relationship between the heart and the perieardial eavity, imag- 
ine pushing your fist toward the eenter of a large, partially inflated balloon. The 
balloon represents the pericardium, and your fist represents the heart. 

21.2 CONCEPT CHECK 

2 What is the perieardial eavity? 

See the blue Ansvvers tab at the baek of the book. 


arrangement of their sareomeres produces striations. However, eardiae muscle 
eells differ from skeletal muscle fibers in several important respeets: 

■ Cardiac muscle eells are almost totally dependent on aerobie respiration 
to obtain the energy needed to eontraet. Therefore, the sareoplasm of a 
eardiae muscle eell eontains hundreds of mitoehondria and large reserves 
of myoglobin to store oxygen. The sareoplasm of eardiae muscle eells also 
eontains large amounts of glyeogen and lipid inclusions as energy reserves. 

■ The T tubules of eardiae muscle eells are shorter than those of skeletal muscle 
eells. In addition, T tubules do not form triads with the sareoplasmie reticulum. 

■ Cardiac muscle has a larger number of blood vessels, even more than in red 
skeletal muscle tissue. 

■ Cardiac muscle eells eontraet without nervous system stimulation. (We will 
discuss the meehanism of eardiae muscle eontraetion later in the ehapter.) 

■ Cardiac muscle eells are intereonneeted by speeialized eell junctions ealled 
interealated dises gure 21.3c-e] . 


21.3 Stmetiire of the Heart Wall 

► KEY POINT The wall of the heart is eomposed of three layers: from siiperfieial 
to deep: the epieardiiim, myocardium, and endocardium. 


A seetion through the wall of the heart reveals three distinet layers: (1) an 
outer epicardium, (2) a middle myocardium, and (3) an inner endocardium 

(Figure 21.3). 


o The viseeral layer of the serous pericardium (epicardium) eovers the 
surface of the heart. The epicardium has two layers: a mesothelium and an 
underlying, supporting layer of areolar tissue. The parietal layer of the 
serous pericardium eonsists of an outer dense fibrous layer and an inner 
mesothelium. 



o The myoeardhim is eardiae muscle tissue that forms the atria and ventri- 
eles. Assoeiated with the myocardium are the eardiae muscle eells, eonnee- 
tive tissues, blood vessels, and nerves. The atrial myocardium is quite thin 
and is organized into layers forming figure eights as they pass from one 
atrium to the other. The ventricular myocardium is much thieker, and its 
muscle orientation ehanges from layer to layer. The most superficial ven- 
tricular muscles wrap around both ventrieles. Deeper layers spiral around 
and between the individual ventrieles. 


o The endocardium eovers the inner surfaces of the heart, including those 
of the heart valves. This simple squamous epithelium is continuous with 
the endothelium of the attaehed great vessels. 


Cardiac Musde Tissue 

► KEY POINT Card iae muscle is striated. Cardiac muscle eells have a single een- 
tral nucleus, numerous mitoehondria, and large amounts of stored glyeogen; in- 
terealated dises form junctions between adjaeent eardiae muscle eells. 

The histologieal eharaeteristies of eardiae muscle tissue give the heart its 
unique functional properties. We introduced eardiae muscle tissue in 
Chapter 3, where we eompared it with other types of muscle. Cardiac mus- 
ele eells are relatively small, averaging 10-20 /im in diameter and 50-100 mm 
in length. A typieal eardiae muscle eell has a single, eentrally plaeed nucleus 
(Figure 21.3b-d). 

Although they are much smaller, eardiae muscle eells resemble skeletal 
muscle fibers. Eaeh eardiae muscle eell eontains organized myofibrils, and the 


The interealated Dises 

Cardiac muscle eells are eonneeted to neighboring eells at speeialized eell junc- 
tions ealled interealated (in-TER-ka-lá-ted) dises. interealated dises are unique 
to eardiae muscle tissue ure 21.3c-e). The arrangement of these speeialized 
eell-to-eell junctions and the extensive interloeking of the adjaeent eardiae plasma 
membranes give interealated dises a jagged appearanee. Features of interealated 
dises include the following: 

■ The plasma membranes of two eardiae muscle eells are bound together by 
desmosomes. This loeks the eells together and prevents them from separat- 
ing during eontraetions. 

■ interealated dises possess a speeialized junction termed a faseia adherens. 
Aetin filaments in eardiae muscle eells anehor firmly to the plasma mem- 
brane at the faseia adherens within the interealated dise. As a result, the 
interealated dise ties together the aetin filaments of the adjaeent eells, and 
the two muscle eells “pull together” with maximum effieieney. 

■ Cardiac muscle eells are also eonneeted by gap junctions (communicating 
junctions). Ions and small molecules move between eells at gap junctions, 
ereating a direet eleetrieal eonneetion between the two muscle eells. As a 
result, the stimulus for eontraetion—an aetion potential—moves from one 
eardiae muscle eell to another as if the sareolemmae were continuous. 

Beeanse eardiae muscle eells are meehanieally, ehemieally, and eleetrieally 
eonneeted to one another, eardiae muscle tissue functions like a single, enormous 
muscle eell The eontraetion of any one eell will trigger the eontraetion of 
several others, and the eontraetion will spread throughout the myocardium. 
For this reason, eardiae muscle has been ealled a fimetional syncytium 
(sin-SI-shè-um; syn, together + kytos, eell). 


The Cardiac Skeleton 

► KEY POINT The eardiae skeleton of the heart is the eonneetive tissue upon which 
the heart is built. It supports and reinforees the heart, distributes heart muscle eon- 
traetions, isolates atrial and ventricular muscle eells, and gives the heart elastieity. 

The eonneetive tissues of the heart include large numbers of reticular, eollagen, 
and elastie fibers. Eaeh eardiae muscle eell is wrapped in a strong, elastie sheath, 
and adjaeent eells are tied together by fibrous eross-links, or “strnts.” In turn, eaeh 
muscle layer has a fibrous wrapping, and fibrous sheets separate the superficial 
and deep muscle layers. These eonneetive tissue layers are continuous with bands 
of dense eonneetive tissue that (1) eneirele the bases of the pulmonary tmnk and 
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Figure 21.3 Histologieal Organization of Muscle Tissue in the Heart Wall 
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aorta, (2) eneirele the valves of the heart, (3) eonneet the fibrous rings surround- 
ing the openings for the heart valves, and (4) extend into the eardiae muscle that 
separates the atria and ventrieles. This extensive eonneetive tissue network is ealled 
the eardiae skeleton of the heart (look ahead to ',.gure 21.9 on p. 556). 
Functions of the eardiae skeleton include the following: 

■ Stabilizing the positions of the muscle eells and valves in the heart. 

■ Providing physieal support for the eardiae muscle eells and the blood ves- 
sels and nerves within the myocardium. 

■ Distributing the forees of eontraetion. 

■ Reinforeing the valves and helping prevent overexpansion of the heart. 

■ Providing the elastieity that returns the heart to its original shape after 
eaeh eontraetion. 

■ Physieally isolating the atrial muscle eells from the ventricular muscle 
eells. (As you will see in a later seetion, this isolation is vital for the eoordi- 
nation of eardiae eontraetions.) 



CONCEPT CHECK 

3 How could you distinguish a histologieal slide of eardiae 
muscle tissue from one of skeletal muscle tissue? 


4 How are eardiae muscle eells eonneeted to their 
neighbors? 


5ee the blue Ansvvers tab at the baek of the book. 


21.4 Orientation and Siiperfieial Anatomy 

of the Heart 

► KEY POINT The heart sits slightly to the left of the midline vvithin the medi- 
astinum. The heart is rotated to the left, causing the right atrium and right ven- 
triele to be loeated more anteriorly vvithin the thoraeie eavity than the left atrium 
and left ventriele. 


Advertisements and eartoons often show the heart at the eenter of the ehest. 
However, a midsagittal seetion does not cut the heart in half. This is because 
the heart (1) lies slightly to the left of the midline, (2) sits at an angle to the 
longitudinal axis of the body, and (3) is rotated to the left. 

The heart is loeated within the mediastinum, between the two lungs. 
Because the heart lies slightly to the left of midline, the eardiae noteh within 
the medial surface of the left lung is deeper than the eardiae noteh in the 
medial surface of the right lung. 

The base of the heart is the broad, superior portion of the heart, where it is 
attaehed to the major arteries and veins of the systemie and pulmonary circuits. 
The base of the heart begins at the origins of the major vessels and the superior 
surfaces of the two atria. Thinking baek to our balloon analogy, the base of the 
heart eorresponds to your wrist ure 21.2b). The base sits posterior to the 
sternum, approximately at the third eostal eartilage gure 21.4). The apex 
(À-peks) of the heart is the inferior, pointed tip of the heart and is formed 
mainly by the left ventriele. It points laterally. The apex reaehes the fifth inter- 
eostal spaee and extends to the left of the midline. 

The heart is rotated slightly to the left. Therefore, the base forms the 
superior border of the heart. The right border of the heart is formed by 
the right atrium. The left ventriele and a small portion of the left atrium 
form the left border. The left border extends to the apex, where it meets the 
inferior border. The apex is formed mainly by the left ventriele, and the 
inferior border is formed mainly by the inferior wall of the right ventriele. 

The anterior surface, or sternoeostal (ster-nò-KOS-tal) smfaee, of the 
heart faees the anterior thoraeie wall and eonsists mostly of the wall of the 
right ventriele and some of the left ventriele |ures 21.5a and 1.6a). 
The posterior surface, at the base, is formed by the left atrium and a small 
portion of the right atrium. The diaphragmatie surface of the heart is eom- 
posed mainly of the posterior, inferior smfaees of the right and left ventrieles 
( gures 21.5b and 21.6b). 

External grooves, or sulci, of the heart show the approximate borders of 
the four internal ehambers of the heart igures 21.5 and 1.61. A shal- 
low interatrial groove separates the two atria. The deeper eoronary sulcus 
marks the border between the atria and the ventrieles. On the anterior surface 
the anterior interventricular sulcus separates the left and right ventrieles. 
The posterior interventricular sulcus separates the left and right ventrieles 


Figure 21.4 Position and Orientation of the Heart. The loeation of the heart within the thoraeie 
eavity and the borders of the heart. 
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Figure 21.5 Siiperfieial Anatomy of the Heart, Part I 
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Posterior view of the heart and great vessels 


on the posterior surface. A eonsiderable amount of adipose tissue is usually 
found in the eonneetive tissue of the epicardium at the eoronary sulcus and the 
interventricular sulci. In fresh or preserved hearts, this fat must be removed to 
expose the underlying grooves. These sulci also eontain eoronary arteries and 
veins—the arteries and veins supplying blood to the eardiae muscle. 

The atria and the ventrieles have very different functions. The atria reeeive 
venous blood that continues flowing into the ventrieles. The ventrieles propel 


blood to the peripheral tissues and the lungs. These functional differenees are 
linked to external and internal structural differenees between the right and left 
sides of the heart igures 21.5, 21.6, and 1.7 . 

Because the heart sits at an angle, the right atrium is anterior, inferior, 
and to the right of the left atrium. The left atrium curves posteriorly and forms 
most of the posterior surface of the heart superior to the eoronary sulcus. Both 
atria have relatively thin, muscular walls. When the atria are not filled with 


Figure 21.6 Superficial Anatomy of the Heart, Part II 
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Posterior view of the heart and great vessels 
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Figure 21.7 Seetional Anatomy of the Heart, Part I 
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Frontal seetion of the relaxed heart showing the major landmarks 
and the path of blood flow (arrows) through the atria and ventrieles. 



CLINICAL NOTE 


Periearditis, Myoearditis, and Epiearditis 


Periearditis refers to infeetion or inflammation of the 
pericardium surrounding the heart. The most frequent cause is a 
viral infeetion. Baeterial periearditis ean be a eomplieation of tuberculosis. 
Other possible causes indude eaneer, vvhieh ean invade the perieardinm, 
and kidney failure, vvhieh causes uremic periearditis. Periearditis ean also 
be due to severe ehest trauma, with bleeding into the perieardial sae. 

Myoearditis is an inflammation of the myocardium. Myoearditis 
is eommonly caused by a viral infeetion and ean affeet young, healthy 
people. Myoearditis ean also result from autoimmune disease, 
environmental toxins, aleohol, eertain medieations, and ehemotherapy 
agents and radiation frequently used in breast eaneer therapy. If 
enough eardiae muscle eells are damaged, ehronie eardiomyopathy with 


impaired pumping power ean result. Blood elots may form in the heart, 
possibly leading to heart attaek or stroke. ehronie eardiomyopathy may 
require a heart transplant. 

Endoearditis indieates inflammation of the endocardium. Endoearditis 
is almost always the result of a baeterial infeetion, but may also be the 
result of a fungal infeetion. Hearts with eardiae birth defeets or damaged 
or abnormal valves are particularly susceptible to endoearditis. 
Endoearditis begins when baeteria enter the bloodstream and settle on 
the endocardium. This ean happen following dental surgery or in the 
hospital following plaeement of a eentral venous aeeess line. Another 
eommon cause is unsterile self-injeetion of drugs. Endoearditis ean 
destroy heart valves, requiring their surgical replaeement. 
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blood, the anterior portion of eaeh atrium deflates and beeomes a rather lumpy 
and wrinkled flap. This is ealled an aiiriele (AW-ri-kel; auris, ear) because it 
reminded early anatomists of the external ear. 



CONCEPT CHECK 

5 What is the name of the groove separating the atria 
from the ventrieles? 

6 What is the base of the heart, and what structures 
does it include? 


5ee the blue Ansvvers tab at the baek of the book. 


21.5 Internal Anatomy and Organization 

of the Heart 

► KEY POINT The interatrial septum separates the two atria of the heart, and 
the interventricular septum separates the two ventrieles. The two atria reeeive 
blood, and the two ventrieles pump it away from the heart. Four sets of valves 
prevent the backflow of blood, ensuring that blood flows from the atria into the 
ventrieles and from the ventrieles into the great arteries exiting the heart. 

gures 21.7 and 1.8 show the internal anatomy of the atria and ven- 
trieles. The interatrial septiim ( septiim , wall) separates the atria, and the 
interventricular septum separates the ventrieles. Blood flows from eaeh 


atrium into the ventriele of the same side. The valves are folds of endoear- 
dium extending into the openings between the atria and ventrieles. These 
valves open and elose to prevent the backflow of blood, maintaining a one- 
way flow of blood from the atria into the ventrieles. 

The atria eolleet blood returning to the heart and then deliver it to the 
attaehed ventriele. The functional demands plaeed on the right and left atria 
are very similar, and the two ehambers look almost identieal. However, the 
demands plaeed on the right and left ventrieles are very different. As a result, 
there are signifieant anatomieal differenees between the two ventrieles. 

The Right Atrium 

► KEY POINT The right atrium reeeives oxygen-poor blood from the systemie 
and eoronary circuits by the superior vena eava, inferior vena eava, and eoronary 
sinus. This blood flows from the right atrium into the right ventriele. 

The right atrium reeeives oxygen-poor (deoxygenated) venous blood from the sys- 
temie circuit by the superior vena eava (VÉ-na CÀ-va) and the inferior vena 
eava (Figures 21.5, 21.6, 21.7b, and 21.8). The superior vena eava opens into 
the posterior, superior portion of the right atrium. It reeeives venous blood from 
the head, neek, upper limbs, and ehest. The inferior vena eava opens into the 
posterior, inferior portion of the right atrium. It reeeives venous blood from the 
tissues and organs of the abdominal and pelvie eavities and the lower limbs. 

The veins of the heart itself, ealled eoronary veins, eolleet blood from the 
heart wall and deliver it to the eoronary sinus igures 21.5b and 1.6b] . 
The eoronary sinus opens into the posterior wall of the right atrium, inferior to 
the opening of the inferior vena eava. 


Figure 21.8 Seetional Anatomy of the Heart, Part II 
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The peetinate muscles ( peetin, eomb) extend along the inner surface of 
the right auricle and aeross the anterior wall of the right atrium. The interatrial 
septum separates the right and left atria. From the fifth week of embryonie devel- 
opment until birth, there is an oval opening in this septum. This opening is ealled 
the foramen ovale. (See the Embryology Summaries in ehapter 28.) The fora- 
men ovale allows blood to flow direetly from the right atrium into the left atrium 
while the lungs are developing. At birth, the lungs expand and begin functioning, 
and the foramen ovale eloses. Within 3 months, it is permanently sealed. A small 
depression ealled the fossa ovalis remains at this site in the adult heart. 

Oeeasionally, the foramen ovale remains patent (open). As a result, blood 
passes from the left atrium into the right atrium and recirculates into the pul- 
monary circuit. This reduces the effieieney of systemie circulation and elevates 
blood pressure in the pulmonary vessels. If not eorreeted, this leads to eardiae 
enlargement, fluid buildup in the lungs, and eventual heart failure. 


The Right Ventride 

► KEY POINT Oxygen -poor blood flows from the right atrium through the 
right AV valve and into the right ventriele. Blood flows from the right ventride 
into the pulmonary trunk to enter the pulmonary circuit. 



Oxygen-poor venous blood travels from the right atrium into the right ventriele. 
In doing so, the blood passes through an opening guarded by three fibrous flaps. 
These flaps, or cusps, form the right atrioventricular (AV) valve, or tricuspid 
valve (trI-KUS-pid; tri, three) igures 21.7 and 1.8] . On one side, the cusps 
are attaehed to the eardiae skeleton of the heart. Their free edges are attaehed to 
eonneetive tissue fibers ealled ehordae tendineae (KOR-dè TEN-di-né-é; a ten- 
dinous eords”). These fibers arise from the papillary (PAP-i-ler-é) muscles— 
eone-shaped muscular projeetions of the inner surface of the right ventriele. The 
ehordae tendineae limit the movement of the cusps when the valve eloses. This 
prevents backflow of blood from the right ventriele into the right atrium. 

The internal surface of the right ventriele eontains a series of irregular 
muscular ridges ealled the trabeculae earneae (tra-BEK-u-lè CAR-nè-è; 
earneiis, fleshy). The moderator band is a muscular ridge that extends hori- 
zontally from the inferior portion of the interventricular septum and eonneets 
to the anterior papillary muscle. 

The superior end of the right ventriele tapers to the conus arteriosus, a 
smooth-walled, eone-shaped pouch. The conus arteriosus ends at the pulmo- 
nary valve ( pulmonary semilimar valve). This valve eonsists of three thiek semi- 
lunar (half moon-shaped) cusps. As blood is pumped out of the right ventriele, 
it passes through this valve and enters the pulmonary trunk. The pulmonary 
trunk is the first vessel of the pulmonary circuit. The pulmonary valve prevents 
the backflow of blood into the right ventriele when that ehamber relaxes. From 
the pulmonary trunk, blood flows into both the left and right pulmonary 
arteries gures 21.5 to 1.8). These vessels braneh repeatedly within the 
lungs before supplying the pulmonary eapillaries, where gas exchange occurs. 


The Left Atriiim 

► KEY POINT The left and right piilmonary veins earry oxygen-rich blood from 
the lungs to the left atrium. Blood flows from the left atrium through the left AV 
valve into the left ventriele. 

Oxygen enters the bloodstream at the pulmonary eapillaries. The oxygen-rich 
(oxygenated) blood flows from the pulmonary eapillaries into small veins. 
These ultimately unite to form four pulmonary veins, usually two for eaeh lung. 
These left and right pulmonary veins empty into the posterior portion of the 
left atrium gures 21.5, 21.6, and :1.7b). The left atrium differs from the 
right atrium in that (1) the left atrium is more cuboidal in shape; (2) the left 
auricle is longer, narrower, and more hook-shaped; and (3) all of the peetinate 
muscles of the left atrium are eontained within the left auricle. 


As blood flows from the left atrium into the left ventriele, it passes through the 
left atrioventricular (AV) valve, also known as the mitral (Ml-tral; mitre, bishop’s 
hat) or bieiispid valve. This valve has two cusps eompared to the three seen in the 
right AV valve. The left AV valve permits the flow of oxygen-rich blood from the left 
atrium into the left ventriele, but prevents blood flow in the reverse direetion. 

The Left Ventriele 

► KEY POINT The left ventriele has the thiekest wall of any heart ehamber. Its 
extra-thick myocardium enables the left ventriele to develop enough pressure to 
foree blood around the entire systemie circuit. 

The wall of the left ventriele is approximately three times thieker than the wall 
of the right ventriele. Contractions of the left ventriele must produce enough 
pressure to push the blood through the entire systemie circuit. The right ventri- 
ele, in eontrast, has a relatively thin wall. It only has to develop enough pres- 
sure to push blood to the lungs and then baek to the heart, a total distanee of 
only about 30 em (1 ft). ( Refer to Onapter 12, igure 12.1 , to identify these 
strnetnres in a eross seetion ofthe body at the level ofT g .) 

The internal organization of the left ventriele elosely resembles that of the 
right ventriele i ures 21.7b and 1.8a). However, (1) its trabeculae ear- 
neae are more prominent than they are in the right ventriele; (2) there is no 
moderator band; and (3) sinee the left AV valve has only two cusps, there are 
two large papillary muscles rather than three. 

Blood leaving the left ventriele passes through the aortie valve ( aortie 
semihmar valve) into the aseending aorta. The arrangement of the cusps in 
the aortie valve is similar to that in the pulmonary valve. Small, saelike dila- 
tions of the base of the aseending aorta occur next to eaeh cusp of the aor- 
tie valve. These saes, ealled aortie sinuses, prevent the individual cusps from 
stieking to the wall of the aorta when the valve opens. The right and left eor- 
onary arteries, which deliver blood to the myocardium, originate at the aortie 
sinuses. The aortie valve prevents the backflow of blood into the left ventriele 
onee it has been pumped out of the heart and into the systemie circuit. 

From the aseending aorta, blood flows into the aortie areh and then 
into the deseending aorta gures 21.5, 21.6, and 1.7b). The pulmonary 
trunk is attaehed to the aortie areh by the ligamentum arteriosum, a fibrous 
band of eonneetive tissue that is left over from an important fetal blood vessel 
that onee linked the pulmonary and systemie circuits. (Chapter 22 will deseribe 
cardiovascular ehanges that occur at birth.) 

Structural Differenees between the Right 
and Left Ventrides 

► KEY POINT The anatomieal differenees between the right and left ventrieles 
refleet their functional differenees. 

The best way to view the anatomieal differenees between the right and left ven- 
trieles is in three-dimensional or seetional views gures 12.11, 21.7b, and 
21.8). The lungs are elose to the heart, and the pulmonary blood vessels are 
short and wide. As a result, the right ventriele does not need to work very hard 
to push blood through the pulmonary circuit. Aeeordingly, the muscular wall 
of the right ventriele is relatively thin. In seetional view it resembles a pouch 
attaehed to the massive wall of the left ventriele gures 12.1 and 1.8b). 

Contraction of the right ventriele moves it toward the wall of the left ventriele, 
which eompresses the blood within the right ventriele. The rising pressure forees 
the blood through the pulmonary valve and into the pulmonary trunk. This eon- 
traetion moves blood very effieiently with minimal effort, but it develops relatively 
low pressure. Low pressure is all that is needed to move blood around the pulmo- 
nary circuit. Higher pressures would actually be dangerous because the pulmonary 
eapillaries are very delieate. Pressures as high as those in systemie eapillaries would 
damage the pulmonary vessels and foree fluid into the alveoli of the lungs. 
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An identieal piimping arrangement would not work for the left ventriele. 
Four to six times more foree must be generated to push blood through the sys- 
temie circuit. The left ventriele, which has an extremely thiek muscular wall, 
is round in eross seetion gures 12.1 and 1.8b] . When the left ventriele 
eontraets, it shortens and narrows, and (1) the distanee between the base and 
apex deereases, and (2) the diameter of the left ventriele ehamber deereases. 
Imagine the effeets of simultaneously squeezing and rolling up the end of a 
toothpaste tube and you have the idea. The pressure generated is more than 
enough to foree open the aortie valve and ejeet blood into the aseending aorta. 
As the powerful left ventriele eontraets, it also bulges into the right ventricu- 
lar eavity. This aetion improves the pumping effieieney of the right ventriele. 
Individuals with severe damage to the right ventriele may survive because the 
eontraetion of the left ventriele helps push blood into the pulmonary circuit. 

The Structure and Function of Heart Valves 

► KEY POINT The atrioventricular valves and the pulmonary and aortie valves 
prevent regurgitation of blood into the atria and ventrieles. The valves open and 
elose due to pressure ehanges as the heart pumps blood. 

Figures 21.7 to 1.9 and Spotlight Figure 21.11 illustrate the structure 
and function of the four heart valves. 

The atrioventricular (AV) valves are loeated between the atria and the 
ventrieles. Eaeh AV valve has four eomponents: (1) a ring of eonneetive tis- 
sue attaehed to the eardiae skeleton of the heart, (2) eonneetive tissue cusps, 
which elose the opening between the heart ehambers, (3) ehordae tendineae 
that attaeh the margins of the cusps to papillary muscles, and (4) the papil- 
lary muscles that tense the ehordae tendineae. Tension in the papillary mus- 
eles and ehordae tendineae keeps the cusps from swinging farther and opening 
into the atria. Thus, the ehordae tendineae and papillary muscles are essential 
to prevent the regurgitation, or baekflovv, of blood into the atria eaeh time 
the ventrieles eontraet. 

The pulmonary valve (pulmonary semihmar valve) is loeated at the junc- 
tion between the right ventriele and the pulmonary artery, and the aortie 
valve (aortie semilnnar valve) is loeated at the junction between the left ven- 
triele and the aseending aorta. These valves laek ehordae tendineae because the 
three symmetrieal cusps support one another like the legs of a tripod. 



CLINICAL NOTE 


Heart Miirmiirs 


A heart murmur is a soft sound—such as a vvhooshing 
or svvishing—made by turbulent blood flovv in or near the 
heart during a heartbeat. Most murmurs are "innoeent," meaning 
they have no elinieal signifieanee. Pregnant vvomen often develop 
innoeent murmurs because their blood volume and eardiae output 
inerease vvhile their eardiae valves remain the same size. Congen- 
ital eardiae defeets, including atrial septal and ventricular septal 
defeets (holes in the interatrial septum and interventricular 
septum) # cause blood to flovv in the vvrong direetion through the 
septum during systole, generating a murmur. 

Stenotie valves (valves that do not open all the vvay) or ineom- 
petent valvular heart disease, such as valvular stenosis and valvular 
insufficiency, occur vvhen the valves do not function properly. 
Valvular stenosis is a narrovving of the valve opening that reduces 
the amount of blood flovv. Valvular insufficiency is a regurgitation 
of blood that results from ineomplete valve closure. 



Serious valvular abnormalities interfere with eardiae function, and the 
timing and intensity of the related heart sounds provide useful diagnostie 
information. Health professionals use an instmment ealled a stethoseope 
(STETH-ò-scòp) to listen to normal and abnormal heart sounds. Heart sounds 
may be muffled because they must pass through the pericardium, surrounding 
tissues, and ehest wall. As a result, stethoseope plaeement does not always eor- 
respond to the position of the valve being listened to. 



CONCEPT CHECK 

7 What would happen if there were no valves between 
the atria and ventrieles? 

8 What prevents the AV valves from opening baek into 
the atria? 


See the blue Ansvvers tab at the baek of the book. 


21.6 Coronary Blood Vessels 

► KEY POINT The eoronary circulation supplies blood to the muscle tissue of 
the heart. The right and left eoronary arteries are the first vessels to braneh from 
the aseending aorta. 

The heart works continuously, and eardiae muscle eells require reliable supplies 
of oxygen and nutrients. The eoronary circulation supplies blood to the mus- 
ele tissue of the heart. During maximum exertion, the oxygen demand rises eon- 
siderably, and blood flow to the heart may inerease to nine times resting levels. 

The eoronary circulation includes an extensive network of eoronary blood 
vessels ure 21.10] . Considerable variations often occur between individu- 
als. The deseriptions given here are eonsidered the typieal pattern. 

The left and right eoronary arteries originate at the base of the aseending 
aorta, within the aortie sinus. They are the first branehes from this vessel. Blood 
pressure here is the highest found anywhere in the systemie circuit, and this 
pressure guarantees a continuous flow of blood to meet the demands of aetive 
eardiae muscle tissue. I 

The Right Coronary Artery 

► KEY POINT The right eoronary artery eireles the heart to the right (when 
viewed from above) within the eoronary sulcus. In addition to the atrial branehes, 
the right eoronary artery gives off two major branehes: the right marginal braneh 
and the right posterior interventricular braneh. 

The right eoronary artery (RCA) branehes off the aseending aorta and turns 
to the right. This vessel lies within the eoronary sulcus and passes between the 
right auricle and the pulmonary trunk. Sixty pereent of the time, the right 
eoronary artery is the dominant eoronary artery—the eoronary artery that gives 
off a posterior interventricular braneh. Although variations occur, the branehes 
of the right eoronary artery typieally supply blood to (1) the right atrium, 

(2) a portion of the left atrium, (3) the interatrial septum, (4) the entire right 
ventriele, (5) a variable portion of the left ventriele, (6) the postero-inferior 
one-third of the interventricular septum, and (7) portions of the conducting 
system (sinoatrial node) of the heart. lgure 21.10 shows the major branehes. 

The right eoronary artery gives off atrial branehes as it curves aeross the 
anterior surface of the heart. These branehes supply the right atrium and a por- 
tion of the left atrium with blood. 

Near the right border of the heart, the right marginal braneh is formed. 
This vessel extends toward the apex of the heart along the anterior surface of 
the right ventriele. The right marginal braneh supplies the right atrium, inter- 
atrial septum, and right ventriele with blood. As the right eoronary artery 
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Contracted ventrieles I Relaxed ventrieles 


Figure 21.9 Valves of the Heart. Red (oxygenated) and blue (deoxygenated) arrows indieate blood 
flow into or out of a ventriele. Blaek arrows indieate blood flow into an atrium # and green arrows 
indieate ventricular eontraetion. 
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VVhen the ventrieles are relaxed, the AV valves are open and 
the semilunar valves are elosed. The ehordae tendineae are 
loose, and the papillary muscles are relaxed. 
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Figure 21.10 Coronary Circulation 
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Spiral sean of the heart shovving the eoronary veins 
and eoronary sinus. [Courtesy of TeraReeon, Ine.] 
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CLINICAL NOTE 




21 



Coronary Artery Disease and Myoeardial Infaretion 


Coronary Artery Disease (CAD) is the leading cause of death 
for men and vvomen in the llnited States. It occurs vvhen eardiae 
arteries beeome hardened and narrovved due to the buildup of eho- 
lesterol, ealeiom, and plaque. This narrovving of eoronary arteries, 
termed atheroselerosis, deereases blood supply to the heart muscle 
and leads to eardiae isehemia (is-KÉ-mé-a). Cardiac isehemia often 
causes heart pain knovvn as angina (an-JÍ-na), vvhieh is usually mani- 
fested as a crushing, smothering ehest diseomfort that may radiate to 
the baek, neek, jaw, or left arm. 

If a blood elot forms at the site of a plaque and suddenly bloeks the 
artery eompletely, a myoeardial 
infaretion (Ml), or heart attaek, 
ean occur. The insufficient blood 
supply causes neerotie damage, 
ealled an infaret. The affeeted 
heart muscle then sears, which 
affeets the heart's ability to eon- 
traet properly. This impairs the 
eardiae conduction system and 
ean lead to arrhythmias (heart- 
beat irregularities) and heart fail- 
ure. Treatment involves restoring 
blood flow using a thrombolytie 
(elot dissolver) or eoronary angi- 
oplasty (surgical repair of blood 
vessel). Sometimes atherosele- 
rosis develops so slowly that 
eollateral circulation (alternative 
blood supply growing around a 
bloekage) wi11 develop and ean 


save some eardiae rrmsele in the event of a sudden eoronary thrombosis 
(stationary blood elot). 

Many causes of CAD are preventable, including smoking, obesity, 
hypertension, hypereholesterolemia (high blood eholesterol), diabetes, 
and sedentary lifestyle. 

Percutaneous (through a puncture) balloon angioplasty involves 
threading a eatheter past an area of atheroselerosis, inflating a balloon 
to eompress the plaque against the vessel wall, then inserting a metal 
stent, or sleeve, to keep the area open. A surgical procedure in which 




Normal circulation 


Restrieted circulation 


This is a digital subtraction angiography (DSA) sean showing normal ventricular circulation. 



damaged seetions of eoronary arteries are replaeed with new venous 
graftings, known as a eoronary artery bypass graft (CABG), ean 

also be done. Such procedures typieally use the great saphenous vein 
of the leg or the internal thoraeie artery of the ehest wall for the graft 




ECG rhythm strip 


Balloon angioplasty 

An eleetroeardiogram (ECG) ean demonstrate eardiae isehemia and 


This DSA demonstrates atheroselerosis and eardiae isehemia in a damaged heart. myoeardial infaretions. 
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continues aeross the posterior surface of the heart it gives off the posterior 
interventricular braneh. This braneh, or posterior deseending artery, continues 
toward the apex of the heart within the posterior interventricular sulcus. This 
braneh supplies blood to the interventricular septum and adjaeent portions of 
the ventrieles. 

A small braneh near the base of the right eoronary artery penetrates the 
atrial wall to reaeh the sinoatrial (SA) node, also known as the eardiae paee- 
maker. A small braneh to the atrioventricular (AV) node, another part of the 
conducting system of the heart, originates from the right eoronary artery near 
the posterior interventricular braneh. 

The Left Coronary Artery 

► KEY POINT The left eoronary artery eireles the heart to the left (when 
viewed from above) within the eoronary sulcus. The left eoronary artery has a 
larger diameter and supplies more of the heart with blood than the right eor- 
onary artery. The left eoronary artery gives off four major branehes: the ante- 
rior interventricular, circumflex, left marginal, and posterior interventricular 
branehes. 

In most individuals, the lumen of the left eoronary artery (LCA) is larger 
in diameter than the lumen of the right eoronary artery. It supplies blood to 
(1) most of the left ventriele, (2) a small segment of the right ventriele, (3) 
most of the left atrium, and (4) the anterior two-thirds of the interventricular 
septum. 

As the left eoronary artery reaehes the anterior surface of the heart, 
it forms the anterior interventricular braneh and the circumflex braneh 
flgure 21.10 . The anterior interventricular braneh, or left anterior 
deseending braneh, is a large artery rnnning along the anterior surface within 
the anterior interventricular sulcus. This artery supplies the anterior ventrie- 
ular myocardium and the anterior two-thirds of the interventricular septum. 
Often, small branehes of the anterior interventricular braneh of the left eoro- 
nary artery are continuous with those of the posterior interventricular braneh 
of the right eoronary artery. 

The circumflex braneh curves to the left within the eoronary sulcus. 
As it eireles toward the posterior surface of the heart, it gives rise to one 
or more diagonal branehes that supply portions of the left ventriele with 
blood. In most individuals the left eoronary artery forms the left marginal 
braneh. Typieally, this vessel reaehes the apex of the heart and supplies 
much of the left ventriele. Upon reaehing the posterior surface of the heart, 
the right eoronary artery forms the posterior left ventricular braneh. This 
braneh is small and quite variable; in some individuals it is totally absent. 
If this braneh is very small or absent, it is often replaeed by the posterior 
interventricular braneh of the circumflex artery. In addition, distal por- 
tions of the circumflex braneh often meet and fuse with small branehes of 
the right eoronary artery. 

As mentioned previously, intereonneetions between eoronary arteries are 
visible in various loeations on the ventrieles of the heart. Such intereonnee- 
tions are ealled anastomoses (a-nas-tò-MÒ-sez; anastomosis, outlet). Because 
the arteries are intereonneeted in this way, blood supply to the ventricular mus- 
ele remains relatively eonstant, regardless of pressure fluctuations within the 
left and right eoronary arteries. 

The Coronary Veins 

► KEY POINT The heart is drained by the eoronary sinus and the anterior ear- 
diae veins. The eoronary sinus and the anterior eardiae veins empty into the right 
atrium. 

The great eardiae vein and middle eardiae vein eolleet blood from smaller 
veins draining the myoeardial eapillaries. They deliver venous blood to the 
eoronary sinus, a large, thin-walled vein lying in the posterior portion of 


the eoronary sulcus (Figures 21.5b, 21.6b, and 21.10a,b,d). The eoro- 
nary sinus drains into the right atrium inferior to the opening of the infe- 
rior vena eava. 

Cardiac veins that empty into the great eardiae vein or the eoronary 
sinus include (1) the posterior vein of the left ventriele, draining the 
area served by the circumflex braneh of the left eoronary artery, (2) the 
middle eardiae vein, draining the area supplied by the posterior interven- 
tricular braneh of the left eoronary artery, and (3) the small eardiae vein, 
which reeeives blood from the posterior surfaces of the right atrium and 
ventriele. The anterior eardiae veins drain the anterior surface of the right 
ventriele. These vessels empty direetly into the right atrium, bypassing the 
eoronary sinus. 

21.6 CONCEPT CHECK 

9 Deseribe the right eoronary artery (RCA). 

10 The left eoronary artery supplies what parts of the 
heart with blood? 

5ee the blue Ansvvers tab at the baek of the book. 

21.7 The Coordination of Cardiac 

Contractions 

► KEY POINT Eaeh eontraetion eyele of the heart follows a preeise sequence: 

The atria eontraet first and then the ventrieles. Nodal eells and conducting fibers 

eoordinate the eontraetions that make up eaeh eyele. 

The function of any pump is to (1) develop pressure and (2) move a volume of 
fluid in a speeifie direetion at an aeeeptable speed. The heart works in eyeles of 
eontraetion (systole) and relaxation (diastole), and the pressure within eaeh 
ehamber rises and falls within eaeh eyele (Spotlight Figiire 21.11). The AV, 1 
aortie, and pulmonary valves help ensure a one-way flow of blood. Blood will 
flow out of an atrium only when the AV valve is open and atrial pressure is 
greater than ventricular pressure. Likewise, blood will flow from a ventriele 
into the aorta or pulmonary trunk only when the aortie or pulmonary valve 
is open and ventricular pressure is greater than arterial pressure. The proper 
functioning of the heart depends on the proper timing of atrial and ventricu- 
lar eontraetions. The paeemaking and conduction systems of the heart provide 
this required timing. 

Unlike skeletal muscle, eardiae muscle tissue eontraets on its own, 
without neural or hormonal stimulation; even a heart removed for a 
heart transplant will continue to beat unless it is kept ehilled in a pres- 
ervation solution. This ability to generate and conduct impulses is ealled 
autorhythmicity. Neural or hormonal stimuli alter the basie rhythm of the 
eontraetions. 

Cardiac eontraetions are eoordinated by speeialized conducting eells. These 
speeialized eardiae muscle eells do not eontraet like the other eells within the 
heart. There are two distinet populations of these eells: (1) Nodal eells estab- 
lish the rate of eardiae eontraetion, and (2) conducting eells distribute the 
eontraetile stimulus to the myocardium (Spotlight Figure 21.11). 

21.7 CONCEPT CHECK 

aS 11 Briefly deseribe the two types of speeialized eardiae 
w muscle eells. 

See the blue Ansvvers tab at the baek of the book. 
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SPOTLIGHT 


FIGIIRE 21.11 


The Conducting System and the Cardiac Cycle 


The Conducting System of the Heart 

Cardiac muscle tissue eontraets on its own, in the absenee of 
neural or hormonal stimulation. This inherent ability to generate 
and conduct impulses is ealled automaticity or autorhythmicity 
The conducting system of the heart is a network of speeialized 
eardiae muscle eells responsible for initiating and distributing the 
stimulus to eontraet. 



Oomponents of the Conducting System 

Sinoatrial 
(SA) node 

eontains paeemaker eells that initiate the eleetrieal impulse 
that results in a heartbeat 

Internodal 

pathways 

are conducting fibers in the atrial wall that conduct the 
impulse to the AV node while simultaneously stimulating 
eardiae muscle eells of both atria 

Atrioventricular 

(AV) node 

slows the eleetrieal impulse when it arrives from the 
internodal pathways 

AV bundle 

conducts the impulse from the AV node to the 
bundle branehes 

Left bundle 
braneh 

extends toward the apex of the heart and then radiates 
aeross the inner surface of the left ventriele 

Right bundle 

braneh 

extends toward the apex of the heart and then radiates 
aeross the inner surface of the right ventriele 

Moderator 

band 

relays the stimulus through the ventriele to the papillary 
muscles, which tense the ehordae tendineae before the 
ventrieles eontraet 

Purkinje 

fibers 

eonvey the impulses very rapidly to the eontraetile 
eells of the ventricular myocardium 
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Movement of Eleetrieal Impiilses through the Conducting System 


Eaeh eardiae eontraetion follows a preeise sequence: The atria eontraet first and then the ventrieles. 
The following sequence illustrates the spread of eleetrieal aetivity through the heart and shows how 
the conducting system eoordinates the eontraetions of the eardiae eyele. 



Time = 0 



Elapsed time = 50 msee 



Elapsed time = 150 msee 



Elapsed time = 175 msee 




Elapsed time = 225 msee 




The SA node depolarizes 
and atrial aetivation 
begins. 


Depolarization spreads 
aeross the atrial surfaces 
and reaehes the AV node. 




AV bundle 

Bundle 
branehes 


The AV node delays the 
spread of eleetrieal aetivity 
to the AV bundle by 100 
msees. Atrial eontraetion 
begins. 



Moderator 

band 


lmpulses travel along the AV 
bundle within the interven- 
tricular septum to the apex 
of the heart. Impulses also 
spread to the papillary 
muscles of the right ventriele 
by the moderator band. 



Purkinje 

fibers 


The impulse is distributed by 
Purkinje fibers {subendocardial 
branehes) and relayed 
throughout the ventricular 
myocardium. Atrial eontraetion 
is eompleted and ventricular 
eontraetion begins. 
















































The Phases of the Cardiac Cycle 


The period between the start of one heartbeat and the beginning of the next is a 


single eardiae eyele. The eardiae eyele therefore includes alternate periods of 


eontraetion and relaxation. For any one ehamber in the heart, the 


eardiae eyele ean be divided into two phases. 


During eontraetion, or systole, a 


ehamber ejeets blood either into 


another heart ehamber or into 


an arterial trunk. Systole is 


Start 


Atrial systole begins: Atrial eontraetion 


forees a small amount of blood into the 


followed by the seeond 


relaxed ventrieles. 


phase: relaxation, or 




diastole 


ln this illustration, blaek arrovvs indieate the 


flovv of blood or movement of valves; green 


arrovvs indieate eontraetions; and the 


red-hued areas indieate vvhieh heart 


ehambers are in systole. 
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Ventricular diastole—late 


All ehambers are relaxed. 


The AV valves open and the 


ventrieles fill passively. 


^trial dias J 





~ Jpl ; 

fe 



■ 

Sl 




ip, - 


4 









> f 




' r / 




£ 




- 




■ i 

J 


Y 




LH 


< 


Atrial systole ends; 


atrial diastole begins: 


Atrial diastole continues 


until the start of the 




next eardiae eyele 
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Ventricular systole 




first phase: Ventricular 


eontraetion pushes the 


AV valves elosed but 


does not ereate enough 


pressure to open the 


semilunar valves. 
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Ventricular systole 


seeond phase: As ventricular 


pressure rises and exceeds the 


X 


/ 


pressure in the arteries, the 


semilunar valves open 


Ventricular diastole—early: As the ventrieles and blood is ejeeted. 


relax, the ventricular blood pressure drops 


until reverse blood flow pushes the cusps of 


the semilunar valves together. Blood now 


flows into the relaxed atria. 
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21.8 The Cardiac Cyde 


21.9 Aiitonomie Control of Heart Rate 


► KEY POINT Nodal eells within the heart spontaneously depolarize to thresh- 
old, generating an aetion potential. These aetion potentials spread throughout 
the conducting system of the heart to the eardiae muscle eells, initiating a eon- 
traetion and a eardiae eyele. 



The plasma membranes of nodal eells possess unique qualities that allow these 
eells to spontaneously depolarize to threshold. In addition, nodal eells possess 
intercellular junctions that eleetrieally couple these eells to one another, to the 
conducting fibers, and to eardiae muscle eells. When a nodal eell depolarizes, 
it generates an aetion potential. The aetion potential travels through the eon- 
ducting system of the heart and reaehes all the eardiae muscle tissue, causing 
a eontraetion and a eardiae eyele, or a eomplete heartbeat. In this way, nodal 
eells determine the heart rate. 

Not all nodal eells depolarize at the same rate. The normal rate of 
eontraetion is determined by which nodal eells reaeh threshold first. The 
impulse they produce brings all other nodal eells to threshold. These rap- 
idly depolarizing eells are ealled paeemaker eells. They are found in the 
sinoatrial* (sT-nò-À-trè-al) node (SA node), or eardiae paeemaker. 
The SA node is loeated in the posterior wall of the right atrium, near the 
entranee of the superior vena eava (Spotlight Figure 21.11). These paee- 
maker eells depolarize spontaneously and rapidly, generating 80-100 aetion 
potentials per minute. 

Eaeh time the SA node generates an impulse, it produces a heartbeat. 
Therefore, the resting heart rate is 80-100 beats per minute (bpm). How- 
ever, any faetor that ehanges either the SA node’s resting potential or the 
rate of spontaneous depolarization alters the heart rate. For example, nodal 
eell aetivity is affeeted by the aetivity of the autonomic nervous system. 
When parasympathetie neurons release aeetyleholine (ACh), the rate of 
spontaneous depolarization slows, and the heart rate deereases. In eontrast, 
when sympathetie neurons release norepinephrine (NE), the rate of depo- 
larization inereases, and the heart rate inereases. Under normal resting eon- 
ditions, parasympathetie aetivity reduces the heart rate from the inherent 
nodal rate of 80-100 impulses per minute to a more leisurely 70-80 beats 
per minute. 

A number of elinieal problems result from abnormal paeemaker eell 
function. Bradyeardia (brád-è-KAR-dè-a; bradys, slow) indieates a slower- 
than-normal heart rate, whereas taehyeardia (tak-é-KAR-dé-a; taehys , swift) 
refers to a faster-than-normal heart rate. In elinieal praetiee the definition 
varies depending on the normal resting heart rate and eonditioning of the 
individual. 

The eells of the SA node are eleetrieally eonneeted to those of the larger 
atrioventricular (à-trè-ò-ven-TRIK-u-lar) node (AV node) through conduct- 
ing fibers in the atrial walls. 

Spotlight Figure 21.11 summarizes the events of the eardiae eyele. 



CONCEPT CHECK 

12 If the eells of the SA node were not fiinetioning, 
what effeet would this have on heart rate? 

13 How do paeemaker eells eoordinate eardiae muscle 
eontraetions? 


5ee the blue Ansvvers tab at the baek of the book. 


*The seeond edition of the Terminologia Anatomiea uses the term sinu- 
atrial node. The authors of this edition of Human Anatomy have ehosen to 
continue to use the eommonly aeeepted term sinoatrial node. 


► KEY POINT The paeemaker eells of the SA node determine the intrinsie heart 
rate, which is modified by the sympathetie and parasympathetie divisions of the 
autonomic nervous system. 

The sympathetie and parasympathetie divisions of the autonomic nervous sys- 
tem (ANS) innervate the heart through the eardiae plexus. t) pp. 462-463 Both 
the sympathetie and parasympathetie divisions of the ANS innervate the SA and 
AV nodes. These divisions also innervate the atrial and ventricular eardiae mus- 
ele eells and smooth muscle in the walls of eardiae blood vessels ure 21.12 . 

In seetion 21.8 we discussed the effeets of NE and ACh on nodal tissues, 
and we summarize these effeets here: 

■ NE release inereases heart rate and eontraetion foree by stimulating the 
beta reeeptors on nodal eells and eontraetile eells. 

■ ACh release deereases heart rate and eontraetion foree by stimulating the 
muscarinic reeeptors on nodal eells and eontraetile eells. 

The eardiae eenters of the medulla oblongata eontain the ANS eenters for 
eardiae eontrol. Stimulation of the eardioaeeeleratory eenter aetivates sym- 
pathetie neurons; the nearby eardioinhibitory eenter aetivates parasympa- 
thetie neurons. The eardiae eenters reeeive inputs from higher eenters, espeeially 
from the parasympathetie and sympathetie headquarters in the hypothalamus. 


Figure 21.1 The Autonomic Innervation of the Heart. Cardiac eenters in 
the medulla oblongata modify heart rate and eardiae output through the 
vagus nerves (parasympathetie) and through the eardiae nerves (sympathetie). 
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Sensory information about the status of the cardiovascular system arrives 
at the eardiae eenters via viseeral sensory fibers from the glossopharyngeal (IX) 
and vagus (X) nerves. These afferent fibers originate in baroreeeptors sensitive 
to blood pressure and ehemoreeeptors sensitive to dissolved gas eoneentrations. 
The eardiae eenters respond very quickly to this information in order to adjust 
eardiae performanee and maintain adequate circulation to vital organs, such as 
the brain. For example, a drop in blood pressure or an inerease in earbon dioxide 
eoneentration indieates that the heart must work harder to meet the demands 
of peripheral tissues. The eardiae eenters then respond by inereasing the heart 
rate and foree of eontraetion by aetivating the sympathetie nervous system. 




TIPS & TOOLS 


To remember the effeet of the sympathetie nervous system on eardiae perfor- 
manee, think SSS: Sympathetie input Speeds and Strengthens the heartbeat. 



CONCEPT CHECK 

14 The sympathetie and parasympathetie branehes of the 
aiitonomie nervous system have different effeets on 
nodal tissues vvithin the heart. What are these effeets? 


5ee the blue Ansvvers tab at the baek of the book. 


EMBRYOLOGY SIIMMARY 

For a summary of the development of the cardiovascular system, see Chapter 28 
(Embryology and Human Development). 




Study Outl ne 


lntroduction p. 546 

■ All the tissues and fluids in the body rely on the cardiovascular system 
to maintain homeostasis. The proper functioning of the cardiovascular 
system depends on the aetivity of the heart, vvhieh ean vary its 
pumping eapaeity depending on the needs of the peripheral tissues. 

21.1 An Overview of the Cardiovascular 

System p. 546 

■ The cardiovascular system is subdivided into tvvo elosed circuits that 
occur in series. Eaeh circuit functions individually in series, vvhile the 
tvvo circuits together function in parallel. The pulmonary circuit 
earries oxygen-poor blood from the heart to the lungs and baek, and 
the systemie circuit transports oxygen-rich blood from the heart to 
the rest of the body and baek. Arteries earry blood avvay from the 
heart; veins return blood to the heart. Capillaries are tiny vessels 
betvveen the smallest arteries and veins. fSee Figure 21.1.) 

The heart eontains four ehambers: the right atrium and ventriele, 
and the left atrium and ventriele. The atria eolleet blood returning 
to the heart, and the ventrieles diseharge blood into vessels to 
leave the heart. 

21.2 The Pericardium p. 546 

The heart is surrounded by the pericardium and lies vvithin the 
anterior portion of the mediastinum, vvhieh separates the tvvo pleural 
eavities. The perieardial eavity is lined by the pericardium and 
eontains a small amount of lubricating fluid, ealled the perieardial 
fluid. The viseeral layer of serous pericardium ( epicardium ) 
eovers the heart's outer surface, and the parietal layer of serous 
pericardium lines the inner surface. (5ee Figures 12.11 and21.2.) 

21.3 Stmetiire of the Heart Wall p. 548 

■ The heart vvall eontains three layers: the viseeral layer of serous 
pericardium (epicardium), the myocardium (the muscular vvall 
of the heart), and the endocardium (the epithelium lining the 
inner surfaces of the heart). (5ee Figure 21.3.) 

Cardiac Muscle Tissue p. 548 

■ The bulk of the heart eonsists of the muscular myocardium. Cardiac 
muscle eells, vvhieh are smaller than skeletal muscle eells, are almost 
totally dependent on aerobie respiration. (5ee Figure 21.3.) 


■ Cardiac rrmsele eells are intereonneeted by interealated dises, 
vvhieh both eonvey the foree of eontraetion from eell to eell and 
conduct aetion potentials. interealated dises join eardiae rrmsele 
cellsthrough desmosomes, myofibrils, and gap junctions. Because 
eardiae muscle eells are eonneeted in this vvay, they function like a 
single, enormous eell. (See Figure 21.3.) 

The Oardiae Skeleton p. 548 

■ The internal eonneetive tissue of the heart is ealled the eardiae 
skeleton. (5ee Figures 21.3b and 21.9.) 

m The eardiae skeleton of the heart functions to stabilize the heart's 
eontraetile eells and valves; support the rrmsele eells, blood vessels, 
and nerves; distribute the forees of eontraetion; add strength and 
elastieity; and physieally isolate the atria from the ventrieles. 

21.4 Orientation and Superficial Anatomy 

oftheHeart p. 550 

■ The great vessels are eonneeted to the superior end of the heart 
at the base. The inferior, pointed tip of the heart is the apex. 

(5ee Figures 21.2b and 21.4.) 

m The heart sits at an angle to the longitudinal axis of the body and 
presents the follovving borders: superior, inferior, left, and 
right. (See Figure 21.4.) 

m The heart has the follovving surfaces: The anterior surface, or 
sternoeostal surface, of the heart faees the anterior thoraeie vvall 
and eonsists mostly of the vvall of the right ventriele (tvvo-thirds) 
and some of the left ventriele (one-third). The posterior surface, 
at the base, is formed by the left atrium and a small portion of the 
right atrium. The diaphragmatie surface of the heart is eomposed 
mainly of the posterior, inferior surfaces of the right and left 
ventrieles. (5ee Figures 21.5 and 21.6.) 

m The division of the heart into four ehambers produces external 
landmarks that are visible as grooves or sulci on the surface of the 
heart. The interatrial groove separates the tvvo atria, vvhile the 
eoronary sulcus separates the atria from the ventrieles. Other 
shallovver depressions include the anterior interventricular 
sulcus and the posterior interventricular sulcus. 

(5ee Figures 21.5 and 21.6.) 

The auricle (atrial appendage) is an expandable extension of the atrium. 
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21.5 Internal Anatomy and Organization 

oftheHeart p. 553 

■ The atria are separated by the interatrial septum, and the 
ventrieles are divided by the interventricular septum. The 
openings betvveen the atria and ventrieles eontain folds of 
eonneetive tissue eovered by endocardium; these valves maintain a 
one-way flow of blood. fSee Figures 21.7 and 21.8.) 

The Right Atriiim p. 553 

■ The right atrium reeeives blood from the systemie circuit through 
two great veins f the superior vena eava and inferior vena 
eava. The atrial walls eontain prominent muscular ridges f the 
peetinate muscles. The eoronary veins return blood to 

the eoronary sinus f which opens into the right atrium. During 
embryonie development an opening ealled the foramen ovale 
penetrates the interatrial septum. This opening eloses after 
birth f leaving a depression termed the fossa ovalis. 
fSee Figures 21.5-21.8.) 

The Right Ventride p. 554 

■ Blood flows from the right atrium into the right ventriele through 
the right atrioventricular (AV) valve, or tricuspid valve. This 
valve eonsists of three cusps of fibrous tissue braeed by the 
tendinous ehordae tendineae that are eonneeted to papillary 
muscles. (See Figures 21.7 and 21.8.) 

m Blood leaving the right ventriele enters the pulmonary trunk 
after passing through the pulmonary valve. The pulmonary trunk 
divides to form the left and right pulmonary arteries. fSee 
Figures 21.5-21.8.) 

The Left Atriiim p. 554 

■ The left atrium reeeives oxygenated blood from the left and right 
pulmonary veins; it has thieker walls than those of the right 
atrium. fSee Figures 21.5, 21.6, and 21.7b.) 

m Blood leaving the left atrium flows into the left ventriele through 

the left atrioventricular (AV) valve ( mitral valve). 

The Left Ventride p. 554 

■ The left ventriele is the largest and thiekest of the four ehambers 
because it must pump blood to the entire body. Blood leaving the 
left ventriele passes through the aortie valve and into the systemie 
circuit via the aseending aorta. Blood passes from the aseending 
aorta through the aortie areh and into the deseending aorta. 
(See Figures 12.11, 21.5, 21.6, 21.7b, and21.8.) 

Strrietiiral Differenees between the Right and Left 
Ventrides p. 554 

■ The right ventriele has thin walls and develops low pressure 
when pumping into the pulmonary circuit to and from the 
adjaeent lungs. Functionally f low pressure is neeessary because 
the pulmonary eapillaries at the gas exchange surfaces of the 
lungs are very delieate. The left ventriele has a thiek wall because 
it pumps blood throughout the systemie circuit. fSee Figures 
12.11, 21.7b, and 21.8). 

The Striietiire and Fnnetion of Heart Valves p. 555 

■ The AV valves have four eomponents: (1) a ring of eonneetive tissue 
attaehed to the eardiae skeleton of the heart f (2) cusps f (3) ehordae 
tendineae f and (4) papillary muscles. 

■ There are two semilunar valves f the aortie valve and the 
pulmonary valve, guarding the exits of the left and right 
ventrieles. fSee Figures 21.7-21.9.) 
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■ Valves normally permit blood flow in only one direction f 
preventing regurgitation (backflow) of blood. 

21.6 Coronary Blood Vessels p. 555 

■ The eoronary circulation supplies blood to the muscles of the 
heart to meet the high oxygen and nutrient demands of eardiae 
muscle eells. 

■ The eoronary arteries originate at the base of the aseending 
aorta f and eaeh gives rise to two branehes. 

The Right Coronary Artery p. 555 

■ The right eoronary artery (RCA) gives rise to both a right 
marginal braneh and a posterior interventricular braneh. (See 
Figure 21.10.) 

The Left Coronary Artery p. 559 

■ The left eoronary artery (LCA) gives rise to both a 
circumflex braneh and an anterior interventricular braneh. 

intereonneetions between arteries ealled anastomoses ensure a 
eonstant blood supply. (See Figure 21.10.) 

The Coronary Veins p. 559 

■ The great and middle eardiae veins earry blood from the 
eoronary eapillaries to the eoronary sinus. fSee Figure 21.10.) 

m Other eardiae veins that empty into the great eardiae vein 
or the eoronary sinus are the posterior vein of the left 
ventriele, draining the areas served by the circumflex 
braneh of the LCA; the middle eardiae vein f draining the 
areas supplied by the posterior interventricular braneh of 
the LCA; and the small eardiae vein f draining blood from 
the posterior surfaces of the right atrium and ventriele. fSee 
Figures 21.5b, 21.6b, and 21.1 Ob,d.) 

m The anterior eardiae veins drain the anterior surface of the right 
ventriele and empty direetly into the right atrium. 

21.7 The Coordination of Cardiac 

Contractions p. 559 

■ Cardiac muscle tissue eontraets on its own, without neural or 
hormonal stimulation. This is ealled autorhythmicity. 

■ Nodal eells establish the rate of eardiae contraction f and 
conducting eells distribute the eontraetile stimulus to the general 
myocardium. (See Spotlight Figure 21.11.) 

21.8 The Cardiac Cyde p. 562 

■ Nodal eells depolarize spontaneously and determine the heart rate. 

■ Paeemaker eells found in the sinoatrial (SA) node (eardiae 
paeemaker) normally establish the rate of eontraetion. (See 
Spotlight Figure 21.11.) 

m From the SA node f the stimulus travels over the internodal 
pathvvays to the atrioventricular (AV) node, then to the AV 
bundle f which divides into a right and left bundle braneh. 

From there Purkinje fibers eonvey the impulses to the ventricular 
myocardium. fSee Spotlight Figure 21.11.) 

m The eardiae eyele eonsists of periods of atrial and ventricular 
systole (eontraetion) and atrial and ventricular diastole 
(relaxation/filling). fSee Spotlight Figure 21.11.) 
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21.9 Aiitonomie Control of Heart Rate p. 562 

■ The basie heart rate is established by the paeemaker cells f but it ean 
be modified by the ANS. Norepinephrine produces an inerease in 
heart rate and foree of eontraetion, while aeetyleholine produces a 
deerease in heart rate and eontraetion strength. 


■ The eardioaeeeleratory eenter in the medulla oblongata 
aetivates sympathetie neurons; the eardioinhibitory eenter 
governs the aetivities of the parasympathetie neurons. The eardiae 
eenters reeeive inputs from higher eenters and from reeeptors 
monitoring blood pressure and the eoneentrations of dissolved 
gases in the blood. fSee Figure 21.12.) 


r 

ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. eardiae muscle eells. == 

2. bradyeardia. _ 

3. diastole. _ 

4. eoronary circulation. == 

5. viseeral layer of serous pericardium 

6. systole. == 

7. myocardium. _ 

8. right pulmonary vein. _ 

9. superior vena eava . _ 

10. parietal pericardium. . 

(a) vein to the left atrium 

(b) eovers outer surface of the heart 

(e) supplies blood to heart muscle 

(d) lines inner surface of fibrous 
pericardium 

(e) slow heart rate 

(f) functional syncytium 

(g) muscular wall of the heart 

(h) relaxation phase of the eardiae eyele 

(i) vein to the right atrium 

(j) eontraetion phase of the eardiae eyele 

11. The potential spaee between the parietal and 
viseeral layers of serous pericardium is the 

(a) pleural eavity. 

(b) peritoneal eavity. 

(e) abdominopelvie eavity. 

(d) perieardial eavity. 

12. Give the anatomieal names of the structures 
labeled on the diagram below. 



(a)_ (b) 

(e) _ (d) 


13. Which of the following is not true of 
interealated dises? 

(a) They provide additional strength from 
eells bound together by tight junctions. 

(b) They have a smooth junction between the 
plasma membrnaes of apposed muscle 
eells. 

(e) Myofibrils of the interloeking muscle 
fibers are anehored at the membrane. 

(d) The eardiae muscle fibers at the 
interealated dises are eonneeted by gap 
junctions. 

14. The heart is innervated by 

(a) only parasympathetie nerves. 

(b) only sympathetie nerves. 

(e) both sympathetie and parasympathetie 
nerves. 

(d) only splanehnie nerves. 

15. The paeemaker eells of the heart are loeated in 

(a) the SA node. 

(b) the wall of the left ventriele. 

(e) the Purkinje fibers. 

(d) both the left and right ventrieles. 

16. The two main branehes of the right 
eoronary artery (RCA) are the 

(a) circumflex braneh and the left marginal 
braneh. 

(b) anterior interventricular braneh and the 
left anterior deseending braneh. 

(e) right marginal braneh and the posterior 
interventricular braneh. 

(d) great and middle eardiae veins. 

Level 2 Reviewing Concepts 

1. The eardiae skeleton of the heart has which 
two of the following functions? 

(a) It physieally isolates the muscle fibers of 
the atria from those of the ventrieles. 

(b) It maintains the normal shape of the 
heart. 

(e) It helps distribute the forees of eardiae 
eontraetion. 

(d) It allows more rapid eontraetion of the 
ventrieles. 

(e) It strengthens and helps prevent 
overexpansion of the heart. 

2. If the papillary muscles fail to eontraet, 

(a) blood wi11 not enter the atria. 

(b) the ventrieles wiII not pump blood. 

(e) the AV valves will not elose properly. 

(d) the aortie and pulmonary valves wiII 

not open. 

3. If there were damage to the sympathetie 
innervation to the heart f what would 
happen to the heart rate under the 


influence of the remaining autonomic 
nervous system stimulation? 

(a) It would inerease. 

(b) It would not ehange. 

(e) It would deerease. 

(d) It would first inerease and then deerease. 

4. How is eardiae muscle similar to skeletal muscle? 

5. Why do the aortie and pulmonary valves laek 
muscular braees like those found in AV valves? 

6. Define a paeemaker cell f and list the group 
of eells that normally serve as the heart's 
paeemaker, as well as those other eells that 
have the potential to serve as a paeemaker. 

7. What is the function of the perieardial fluid? 

8. Which ehamber of the heart has the thiekest 
walls? Why are its walls so thiek? 

9. Why are nodal eells unique? What is their 
function? 

10. Deseribe the function of the SA node in the 
eardiae eyele. How does this function differ 
from that of the AV node? 

Level 3 Gritieal Thinking 

1. Harvey has a heart murmur in his left 
ventriele that produces a loud "gurgling" 
sound at the beginning of systole. What do 
you suspect to be the cause of this sound? 

2. Lee is brought to the emergeney room 
suffering from a eardiae arrhythmia. In the ER 
he begins to exhibit taehyeardia and as a result 
loses consciousness. His wife asks you why he 
lost consciousness. What would you tell her? 

3. If the eardiae eenters deteet an abundance 
of oxygen in the blood f what ehemieal is 
likely to be released? 
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CLINICAL CASE I WRAP-UP 

L___I_J 


A Broken Heart 

Ellen is unconscious but appears to be in regular eardiae sinus rhythm. 
Hovvever, an ECG (eleetroeardiogram) shovvs ehanges that resemble a 
myoeardial infaretion (heart attaek). 

She is rushed to the eardiae eatheterization laboratory, vvhere 
a eatheter is inserted into her right braehial artery and threaded 
"opstream" into her aorta and left ventriele. The eardiologist injeets 
dye to outline the inner aspeet of her left ventriele, vvhieh appears 
abnormally large and balloon-shaped. Her left ventricular apieal vvall 
does not move vvith ventricular systole, and this hypokinesia (deereased 
motion) is causing deereased eardiae output. The eatheter is vvithdravvn 
baek through Ellen's aortie valve and more dye is injeeted into her 
aortie sinus. Her eoronary vessels appear normal. 

The eardiologist identifies Ellen's ease as takotsubo 
eardiomyopathy—a name based on the eharaeteristie shape of her 
ventride at end systole, vvhieh resembles a Japanese fisherman's 
octopus pot, or tako-tsubo . Another name for this eondition is broken 
heart syndrome, because many patients, like Ellen, are suffering 
severe emotional stress. Ellen's sympathetie nervous system is releasing 
norepinephrine (NE) in "overdrive," affeeting her heart. 




The best nevvs for Ellen is that she is expected to make a eomplete 
reeovery, simply vvith supportive eare. 

1. Why did Ellen feel like she vvas having a heart attaek? 

2. If Ellen's eardiologist vvanted to injeet dye into her right atrium and 
ventriele, would an artery or vein in her antecubital fossa be best to 
use? Explain. 

See the blue Ansvvers tab at the baek of the book. 



Related Ginieal Terms 



artifieial paeemaker: A small battery- 

operated deviee that keeps a person's heart 
beating in a regular rhythm. It may be 
permanently implanted or for temporary 
usage, it may be an external deviee. 

asystole: The absenee of eardiae aetivity with 
no eontraetion and no output. 

automated external defibrillator (AED): A 

deviee that, when applied, automatically 
eheeks the function of the heart. Upon 
deteeting a eondition that may respond 
to an eleetrie shoek, it delivers a shoek to 
restore normal heartbeat rhythm. 

eardiomegaly: An enlarged heart, which is a 
sign of some other eondition such as stress, 
weakening of the heart muscle, eoronary 
artery disease, heart valve problems, or 
abnormal heart rhythms. 


eardiomyoplasty: Asurgical procedure that 
uses stimulated latissimus dorsi to assist 
with eardiae function. The latissimus dorsi is 
reloeated and wrapped around the left and 
right ventrieles and stirrmlated to eontraet 
during eardiae systole by means of an 
implanted burst-stimulator. 

eongestive heart failure: The heart 
eondition of weakness, edema, and 
shortness of breath caused by the inability 
of the heart to maintain adequate blood 
circulation in the peripheral tissues and 
lungs. 

fibrillation: Fast twitching of the heart muscle 
fibers with little or no movement of the 
rrmsele as a whole. Atrial fibrillation occurs 
in the atria of the heart and is eharaeterized 
by ehaotie quivers and irregular ventricular 


beating, with both atria and ventrieles 
being out of syne. 

heart bloek: Delay in the normal eleetrieal 
pulses that cause the heart to beat. 

palpitation: lrregular and rapid beating of 
the heart. 

percutaneous transluminal eoronary 
angioplasty (PTCA): The surgical use 
of a balloon-tipped eatheter to enlarge a 
narrowed artery. 

siek sinus syndrome: A group of heart 
rhythm disorders or problems in which the 
sinoatrial node does not work properly to 
regulate the heart rhythms. 
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Vessels and Circulation 


Learmng Outcomes 


These learning outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


22.1 


22.2 


22.3 


22.4 


22.5 


22.6 


22.7 


22.8 


Compare and eontrast the histology of an 
elastie artery, muscular artery, arteriole, 
eapillary, venule, and vein. p. 568 

Compare the pereentage of blood that is 
normally eontained vvithin the heart, arteries, 
and eapillaries to the pereentage that is 
normally eontained vvithin the veins. p. 574 

Outline three important functional patterns 
that deseribe the distribution of blood vessels 
vvithin the body. p. 575 

Outline the path blood would take as it passes 
from the right atrium of the heart to the lungs 
and baek to the right atrium. p. 576 

Identify the major arteries of the systemie 
circuit and the areas and organs supplied by 
eaeh vessel. p. 576 

Identify the major veins of the systemie circuit 
and the areas and organs drained by eaeh 
vessel. p. 590 

Deseribe the major cardiovascular ehanges 
that occur at birth and explain their functional 
signifieanee. p. 596 

Outline the age-related ehanges that occur in 
the cardiovascular system. p. 598 


CLIN ICAL CAS E 


Rodrigo, a eollege freshman, is faeing seeond semester finals. For the past 
few weeks he has notieed intermittent numbness and weakness in his right 
hand # sometimes extending up to his shoulder. Now # during finals week # he 
has pounding headaehes in the left side of his head. 

Rodrigo is in the library with his study group when he suddenly falls to the 
floor # unconscious. His body stiffens and jerks violently, and he loses bladder 
eontrol. Another student reeognizes this as a seizure. She ealls 911 and stays 
with him # padding his head with her eoat and preventing him from hurting 
himself. 

After a few minutes # Rodrigo slowly opens his eyes but is confused and 
unable to speak. The rescue squad loads him on a streteher and transports 
him to the emergeney room. After interviewing Rodrigo's study buddy # the 
emergeney room physieian sends Rodrigo for a magnetie resonanee imaging 
(MRI) sean to inspeet his brain. 

What is happening to Rodrigo? To find out f turn to the dinieal Case 
Wrap-Up on p. 601. 


In the Absenee of Capillaries 



































THE CARDIOVASCULAR SYSTEM is a elosed system that circulates blood 
throughout the body. There are two groups of blood vessels: The pulmonary 
circuit supplies the lungs, and the systemie circuit supplies the rest of the body. 

The heart pumps blood into the pulmonary and systemie circuits simulta- 
neously. The pulmonary circuit begins at the pulmonary valve and ends at the 
entranee to the left atrium. Pulmonary arteries braneh from the pulmonary 
trunk and earry blood to the lungs for gas exchange. The systemie circuit begins 
at the aortie valve and ends at the entranee to the right atrium. Systemie arter- 
ies braneh from the aorta and distribute blood to all other organs for nutrient, 
gas, and waste exchange. 

After blood vessels enter an organ, further branehing occurs, forming 
smaller and smaller blood vessels. This ereates several hnndred million tiny arter- 
ies providing blood to more than 10 billion eapillaries, eaeh barely the diameter 
of a single red blood eell. These eapillaries form extensive branehing networks. 
Estimates of the eombined length of all eapillaries in the body, if they were 
plaeed end to end, range from 5000 to 25,000 miles. In other words, the eap- 
illaries in your body could at least eross the eontinental United States and per- 
haps eirele the globe! 

All ehemieal and gaseous exchange between the blood and interstitial 
fluid takes plaee aeross eapillary walls. Tissue eells rely on eapillary diffusion 
to obtain nutrients and oxygen and remove metabolie wastes. Blood leaving 
the eapillary networks enters a network of small veins that gradually merge to 
form larger vessels. These larger vessels ultimately drain into either the pulmo- 
nary veins (pulmonary circuit) or the inferior or superior vena eava (systemie 
circuit). 

Our initial discussion in this ehapter focuses on the histologieal and ana- 
tomieal organization of arteries, eapillaries, and veins. We then identify the 
major blood vessels and circulatory routes of the cardiovascular system. 


22.1 Histologieal Organization of Blood 

Vessels 



► KEY POINT All blood vessels within the cardiovascular system, with the excep- 
tion of eapillaries, follow the same histologieal organization. The walls of arteries, 
arterioles, veins, and venules eontain three layers: intima, media, and adventitia. 


The walls of arteries and veins eontain three distinet layers, from superficial 
to deep: (1) an outer adventitia, (2) a middle media, and (3) an inner intima 

(Spotlight Figure 22.1). 


o The outer adventitia (ad-ven-TISH-a) (tiiniea externa) forms a eonneetive tis- 
sue sheath around the vessel. This layer is very thiek and is eomposed ehiefly 
of eollagen fibers, with seattered bands of elastie fibers. In veins, this layer is 
usually thieker than the media. The fibers of the adventitia blend into those of 
adjaeent tissues, stabilizing and anehoring the blood vessel. 

o The media (tiiniea media), the middle layer, eontains eoneentrie layers of 
smooth muscle tissue supported by a framework of loose eonneetive tissue. 
The smooth muscle eells of the media eneirele the lumen of the blood ves- 
sel. When stimulated by the sympathetie braneh of the autonomic nerv- 
ous system, these smooth muscles eontraet, reducing the lmninal diameter 
of the blood vessel. This proeess is ealled vasoeonstrietion. Relaxation of 
the smooth muscles inereases the diameter of the lumen, a proeess ealled 
vasodilation (vaz-ò-dT-LÀ-shun). In addition to responding to the auto- 
nomie nervous system, these smooth muscles eontraet or relax in response 
to loeal stimuli, such as ehanges in pH, pC0 2 , or p0 2 . Any ehange in ves- 
sel diameter affeets both blood pressure and blood flow. Collagen fibers 
bind the media to both the intima and adventitia. Arteries have a thin 
band of elastie fibers, ealled the external elastie membrane, loeated 
between the media and adventitia. 


o The intima ( timiea intima) is the innermost layer of a blood vessel. It is 
eomposed of the endothelial lining of the vessel and an underlying layer of 
eonneetive tissue eontaining variable amounts of elastie fibers. In arteries, 
the outer margin of the intima eontains a thiek layer of elastie fibers ealled 
the internal elastie membrane. In the largest arteries, the eonneetive tissue 
within this layer is extensive, and the intima is thieker than in smaller arteries. 

The eombination of muscular and elastie eomponents gives arteries and 
veins eonsiderable strength. It also permits alterations in vessel luminal diam- 
eter as blood pressure or blood volume ehange. However, the vessel walls are 
too thiek to allow diffusion between the bloodstream and surrounding tissues, 
or even between the blood and the tissues of the vessel itself. Instead, the walls 
of large vessels eontain small arteries and veins that supply the smooth muscle 
eells, fibroblasts, and fibroeytes of the media and adventitia. These blood vessels 
are the vasa vasoram (“vessels of vessels”). 

Distinguishing Arteries from Veins 

► KEY POINT ln a histologieal seetion, the walls of arteries are thieker than 
those of veins, arteries retain their circular shape, and arterial endothelial linings 
look pleated. 

Arteries and veins in the same region of the body typieally lie side by side within 
a sheath of eonneetive tissue (Spotlight Figure 22.1). We ean distinguish 
arteries from veins by the following eharaeteristies: 

■ Vessel walls: The walls of arteries are thieker than those of veins. The media 
of an artery eontains more smooth muscle and elastie fibers than a vein. 
These eontraetile and elastie eomponents resist the pressure generated by 
the heart as it forees blood into the circuit. 

■ Vessel lumen: The walls of an artery will eontraet, eonstrieting the lumen. 
Therefore, when viewed during disseetion or in seetional view, the lumen 
of an artery appears smaller than an aeeompanying vein. Because arterial 
walls are thieker and stronger, they retain their circular shape in histolog- 
ieal seetions. In eontrast, cut veins eollapse, and in a histologieal seetion 
they often look flattened or distorted. 

■ Vessel lining: The endothelial lining of an artery eannot eontraet, so when 
an artery eonstriets, its endothelium folds. Therefore, the seetioned arteries 
have a pleated appearanee. The lining of a vein laeks these folds. 

■ Valves: Veins typieally eontain valves—internal structures that prevent the 
backflow of blood toward the eapillaries. Arteries do not have valves. 

Arteries 

► KEY POINT There are three types of arteries: elastie arteries, muscular 
arteries, and arterioles. 

In traveling from the heart to peripheral eapillaries, blood passes through a 
series of arteries of smaller and smaller diameter: elastie arteries, muscular 
arteries, and arterioles (Spotlight Figure 22.1). 

Elastie Arteries 

Elastie arteries are large vessels with luminal diameters of up to about 2.5 em. 
They transport large volumes of blood away from the heart. Examples include 
the pulmonary artery and the aorta and their major branehes, such as the bra- 
ehioeephalie trunk and earotid, subclavian, and eommon iliae arteries. The 
intima in an elastie artery is relatively thiek and is eomposed of an endothelial 
lining and an underlying basal lamina of eollagen and elastie eonneetive tis- 
sue fibers. A layer of elastie tissue, the internal elastie membrane, separates the 
intima from the media. 
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The walls of elastie arteries are extremely resilient because the tunica media 
eontains a high density of elastie fibers and relatively few smooth muscle eells. 
As a result, elastie arteries ean tolerate the pressure ehanges of the eardiae eyele. 
Smooth muscle eells present within the media of elastie arteries do not eontraet 
in response to sympathetie or loeal stimulation. 

During ventricular systole, pressure within the arterial system rises rapidly, 
and the elastie arteries streteh. During ventricular diastole, blood pressure falls, 
and the elastie fibers reeoil to their original dimensions. Their stretehing cush- 
ions the sudden rise in pressure during ventricular systole, and their reeoiling 
slows the drop in pressure during ventricular diastole and forees blood onward 
toward the eapillaries. 

Muscular Arteries 

Muscular arteries (medium-sized arteries) transport blood to the body’s skeletal 
muscles and internal organs. A typieal muscular artery has a luminal diameter 
of approximately 4 mm. Most of the visible, named arteries are muscular arter- 
ies, but many muscular arteries are too small to identify with the naked eye. 

In a muscular artery, the media is thieker and eontains signifieantly more 
smooth muscle eells than in an elastie artery (Spotlight Figure 22.1). In 
addition, a prominent internal elastie membrane separates the intima from the 
media. The sympathetie division of the ANS and loeal stimulation eontrol the 
luminal diameter of muscular arteries. By eonstrieting or relaxing the smooth 
muscle in the media, the autonomic nervous system regulates blood flow to 
eaeh organ independently. 


Arterioles 

Arterioles (ar-TÉR-é-òlz) are eonsiderably smaller than muscular arteries. 
They have an average luminal diameter of about 30 /im and ean only be seen 
with a mieroseope. They have a thin adventitia. The media is eomposed of 
one or two layers of smooth muscle eells that may not form a eomplete layer 
(Spotlight Figure 22.1). Smaller muscular arteries and all arterioles ehange 
their luminal diameter in response to loeal eonditions or sympathetie or endo- 
erine stimulation. Arterioles eontrol blood flow between arteries and eapillaries. 

Elastie and muscular arteries are seamlessly intereonneeted, and vessel 
eharaeteristies ehange gradually as the vessels get farther away from the heart. 
For example, the largest muscular arteries eontain a eonsiderable amount of 
elastie tissue, while the smallest resemble heavily muscled arterioles. 

Capillaries 

► KEY POINT The wall of a typieal eapillary is eomposed of one to three circu- 
larly arranged endothelial eells and the underlying basil lamina. These thin walls 
allow the exchange of nutrients and waste products. 

Capillaries are the smallest and most delieate blood vessels (Spotlight 
Figure 22.1). They are the only blood vessels whose walls allow the exchange 
of nutrients and wastes between the blood and the surrounding interstitial flu- 
ids. Because the walls are thin, the diffusion distanees are short. As a result, the 
exchange between the blood and interstitial fluids occurs quickly. In addition, 



CLINICAL NOTE 


Arteriosderosis 


Arterioselerosis is hardening of the arteries. Healthy arteries 
are flexible and elastie, but with aging and wear, arterial walls 
harden and stiffen. There are several types of arterioselerosis. 

Atheroselerosis is a disease of the arteries eharaeterized by the 
deposition of fatty plaques on the inner arterial walls. It is the most 
eommon type of arterioselerosis and begins with damage to the endo- 
thelial lining. The plaques damage the arterial walls and restriet blood 
flow. Atheroselerosis develops gradually 7 likely beginning early in life. 

Atheroselerosis ean affeet blood vessels anywhere in the body. When 
the eoronary vessels are involved, it is termed eoro- 


Some contributors to atheroselerosis eannot be prevented—for 
instanee, aging # family history, and eertain inflammatory diseases. 
However # many faetors are preventable. The worst and most 
preventable contributor is smoking. Other eontrollable risk faetors 
include high blood pressure # which causes early and progressive 
arterial damage, and diabetes, which produces widespread and 
rapid damage. Obesity and a sedentary lifestyle play an important 
role. High eholesterol and high triglyeerides encourage the 
formation of atheroselerotie plaques. 


nary artery disease (CAD). It ean lead to angina 
(heart pain) and a myoeardial infaretion (heart 
attaek). If atheroselerosis develops in the earotid 
arteries and smaller arteries leading to the brain # it 
ean produce a transient isehemie attaek (TIA), 
or mini stroke. The bloekage in a TIA is temporary # 
but if the eondition progresses # it ean lead to a 
stroke that causes permanent brain damage. Ath- 
eroselerosis in the arteries serving the extremities # 
particularly the lower legs # ean lead to peripheral 
artery disease (PAD). Intermittent claudication 
(limping) # ischemia # and pain in the muscles (ehiefly 
the ealf muscles) brought on by walking is a eom- 
mon symptom. If PAD progresses and blood supply 
is lost eompletely, gangrene ean result. If athero- 
selerosis affeets the arteries that lead to the kid- 
neys # it ean lead to high blood pressure followed 
by kidney failure. 


Plaque deposit 
in vessel wall 


Adventitia 


Deposits 
of plaque 


Media 




Plaque narrowing arterial lumen LM x 28 
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The Structure of Blood Vessels 


Histologieal Organization of Blood Vessels 


The walls of arteries and veins eontain three distinet layers: 
(1) an outer adventitia, (2) a middle media, 
and (3) an inner intima 


Layers of the Blood Vessel Wall 
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The outer adventitia (ad-ven-TISH-a) (:tunica externa) forms a 
eonneetive tissue sheath around the vessel. This layer is very 
thiek, eonsisting of eollagen fibers with seattered bands of 
elastie fibers. The eonneetive tissue fibers of the adventitia 
typieally blend into those of adjaeent tissues, stabilizing and 
anehoring the blood vessel. 

The media (:tunica media) is the middle layer. It eontains 
layers of circularly arranged smooth muscle. These layers 
form sheets that are organized and supported by a frame- 
work of elastie tissue. 

The intima (tunica intima) is the innermost layer of the blood 
vessel. This layer includes the endothelial lining of the vessel 
and an underlying layer of areolar tissue eontaining variable 
amounts of elastie fibers and sometimes seattered smooth 
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In general, when eomparing two adjaeent vessels, the walls of arteries are thieker than those of the eorresponding veins, and the lumen is relatively smaller. 
In arteries the adventitia is usually thinner than the media; in veins the adventitia is typieally the thiekest layer of the vessel wall. The media of an artery 
eontains more smooth muscle and elastie fibers than that of a vein. When the wall of an artery is no longer stretehed by blood pressure it eonstriets and the 
endothelium wrinkles as the luminal diameter deereases. As a result, in a eross seetion the arterial lining has a pleated appearanee. In eontrast, when 
venous blood pressure falls, veins simply eollapse, and in seetion the lining of a vein is relatively smooth. 
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Intima 

Smooth muscle 


The internal elastie membrane 

is a network of elastie fibers 
loeated between the intima and 
the media. 


The media is separated from 
the adventitia by the 

external elastie membrane 

a band of elastie tissue. 
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Structural Differenees between Arteries and Veins 


VEINS 


7 


6 


Large Vein 


Large veins include the superior and inferior venae 
eavae (also termed the great veins) and their 
tributaries within the abdominopelvie and thoraeie 
eavities. Average luminal 
diameter is about 2 em, 
and wall thiekness is 
about 2 mm. 
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The walls of elastie arteries, such as the aorta and braehioeephalie 
arteries, are not very thiek relative to the vessel diameter, but they 

are extremely resilient. The media of these 
vessels eontains relatively few smooth 
muscle eells and a high density of 
elastie fibers. Average luminal 
diameter is about 1.5 em, and 
wall thiekness is about 1 mm 
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Medium-Sized Vein 


Medium-sized veins, such as the radial and ulnar 
veins, eorrespond in general size to muscular arteries 
In these veins the media is thin, and it eontains 
relatively few smooth muscle eells. Average luminal 
diameters range from 2 to 10 
mm, and wall thiekness 
is about 4 mm. 
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Muscular Artery 


2 



Muscular arteries, such as the radial and ulnar arteries, have 
a thieker media with a greater pereentage of smooth muscle 
eells than elastie arteries. Average luminal diameter is about 

4 mm. and wall thiekness is about 1 mm. 
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Venule 


Venules, the smallest veins, eolleet blood from eapillaries 
They vary widely in diameter and eharaeteristies. The 
smallest venules resemble expanded eapillaries, 
and venules smaller than 50 gm in total diameter 
laek a media altogether. Average 
luminal diameter is about 20 jiym, 
and wall thiekness is about 1 fjrr\. 
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eapillaries 


Arteriole 
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Arterioles are eonsiderably smaller than muscular arteries. 
They have a very thin adventitia, and the media eonsists of 
seattered smooth muscle eells that may not form a 

eomplete layer. Average luminal diameter is 


about 30 jL/m, and wall thiekness is about 6 ji/m 



Smooth muscle eells 


Endothelium 
Basal lamina 


Fenestrated eapillaries are 
eapillaries that eontain 
“windows,” or pores in their 
walls, due to an ineom- 
plete or perforated 
endothelial lining. 
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Continuous eapillaries have an 
endothelium that eompletely 
surrounds the lumen. Tight junctions 
and desmosomes eonneet the 
endothelial eells. They have an 
average luminal diameter of 8 jL/m. 














































































































blood flows slowly through eapillaries, allowing sufficient time for diffusion or 
aetive transport of materials aeross the eapillary walls. Some substances eross 
the eapillary walls by diffusing aeross the endothelial eell lining. Other sub- 
stanees pass through gaps between adjaeent endothelial eells. The fine structure 
of eaeh eapillary determines its ability to regulate the two-way exchange of sub- 
stanees between blood and interstitial fluid. 

A typieal eapillary wall eonsists of one to three endothelial eells sitting 
on a delieate basil lamina. The average luminal diameter of a eapillary is only 
8 /xm, elose to that of a single red blood eell. 

Continuous eapillaries are found in all tissues except epithelia and ear- 
tilage. In continuous eapillaries, the endothelium forms a eomplete lining, 
and the endothelial eells are eonneeted by tight junctions and desmosomes 
(Figure 22.2a,d' . Fenestrated (FEN-es-trà-ted; fenestra, window) eapillaries 
eontain “windows,” or pores in their walls, due to an ineomplete or perforated 
endothelial lining ::|ure 22.2b,e). 

A single endothelial eell wraps all the way around the lumen of a eontin- 
uous eapillary igure 22.2d] . The walls of a fenestrated eapillary are far more 
permeable, with a “Swiss eheese” appearanee, and the pores allow molecules 
as large as peptides and small proteins to pass into or out of the circulation 
gure 22.2b,e' . This type of eapillary permits very rapid exchange of fluids 
and solutes. Examples of fenestrated eapillaries include the ehoroid plexus of 
the brain and the eapillaries in the endoerine glands, gallbladder, kidney, pan- 
ereas, and some loeations within the intestines. 

Sinnsoids (Sl-nu-soydz), or discontinuous eapillaries, resemble fenes- 
trated eapillaries that are flattened and irregularly shaped. In addition to 
being fenestrated, sinusoids eommonly have gaps between adjaeent endothe- 
lial eells, and the basil lamina is either thinner or absent iure 22. 2c ' . 
(In some organs, such as the liver, there is no basil lamina.) As a result, 
sinusoids permit the free exchange of water and solutes, such as plasma pro- 
teins, between blood and interstitial fluid. Blood moves through sinusoids 
slowly, maximizing the time available for absorption and seeretion aeross the 
sinusoidal walls. Sinusoids are found in the liver, bone marrow, spleen, and 
adrenal glands. 

Four meehanisms are responsible for the exchange of materials aeross the 
walls of eapillaries and sinusoids: 


o Diffusion aeross the eapillary endothelial eells (lipid-soluble materials, 
gases, and water by osmosis) 

o Diffusion through gaps between adjaeent endothelial eells (water and 
small solutes; larger solutes in the ease of sinusoids) 

o Diffusion through the pores in fenestrated eapillaries and sinusoids (water 
and solutes) 

o Vesicular transport by endothelial eells (endoeytosis at luminal side, 
exocytosis at basal side), water, and speeifie bound and unbound solutes 

t) pp. 32-33 


different route one moment later. This proeess is eontrolled at the tissue level 
and is ealled autoregulation. 

There are also meehanisms modifying the circulatory supply to the entire 
eapillary bed. More than one muscular artery supplies the eapillary beds within 
an area. The arteries, ealled eollaterals, enter the area and fuse together rather 
than forming a series of arterioles. The intereonneetion is termed an arterial 
anastomosis. Arterial anastomoses are found in the brain, heart, stomaeh, and 
other organs or regions with high circulatory demands. This arrangement guar- 
antees a reliable blood supply to the tissues. If one artery beeomes bloeked, 
another will supply blood to the eapillary bed. 

Arteriovenous (ar-tèr-è-ò-VÉ-nus) anastomoses are direet eonneetions 
between arterioles and venules (look ahead to igure 22.3 , p. 574). Arteriovenous 
anastomoses are eommon in viseeral organs and joints where a ehange in body 
position hinders blood flow through one vessel or another. Smooth muscles in the 
walls of these vessels eontraet or relax to regulate the amount of blood reaehing 
the eapillary bed. For example, when the arteriovenous anastomoses are dilated, 
blood will bypass the eapillary bed and flow direetly into the venous circulation. 

In some forms of eonneetive tissue, passageways known as thoroughfare 
ehannels eonneet arterioles with venules. Lined with smooth muscle, their 
eontraetions and relaxations eonstriet or dilate, thus narrowing or widening 
the diameter of the vessel and regulating blood flow. Other structures, such 
as metarterioles (also ealled preeapillary sphineters ), guard the entranees 
to eapillaries in mesenteries gure 22.3 . Within mesenterie circulation, 
metarterioles represent thoroughfare ehannels. However, the existence of 
metarterioles outside mesenteries has not been supported in the literature. 

Veins 

► KEY POINT Veins return blood to the heart. Veins are elassified as venules, 

medium-sized veins, or large veins. 

Veins eolleet blood from all tissues and organs and return it to the heart. 
The walls of veins are thinner than those of eorresponding arteries because 
the blood pressure in veins is lower than in arteries. We elassify veins on the 
basis of their size. Even though their walls are thinner, in general veins have 
larger luminal diameters than their eorresponding arteries. (Review Spotlight 
Figure 22.1 to eompare arteries and veins.) 


TIPS & TOOLS 


One of the best ways to histologieally distinguish arteries from veins is to 
eompare the vessels’ wall thiekness and lumen diameter. When an artery 
and vein have approximately the same luminal diameter, the artery will 
have a thieker wall than the vein. 


Capillary Beds 

► KEY POINT A eapillary bed is a network of eapillaries supplying blood to a 
speeifie organ or area of the body. Blood flow through a eapillary bed ean vary 
eonsiderably. 

Oapillaries are the site of nutrient, waste, 0 2 , and C0 2 exchange with intersti- 
tial tissues. A eolleetion of eapillaries is ealled a eapillary bed. A single arteri- 
ole gives rise to dozens of eapillaries, which empty into several venules. Blood 
flows from the arterioles to the venules at a eonstant rate, but the blood flow 
within a eapillary bed varies eonsiderably. Smooth muscle eells within an arteri- 
ole eyele between eontraeting and relaxing, perhaps a dozen times eaeh minute. 
As a result, blood flow occurs in a series of pulses rather than a steady stream. 
The effeet is that blood reaehes the venules by one route at one time and by a 


Veniiles 

Venules, the smallest veins, eolleet blood from eapillaries. The smallest venules, 
termed posteapillary venules, resemble expanded eapillaries. Venules smaller 
than 50 jum in total diameter laek a eomplete media, possessing only isolated 
smooth muscle eells deep to the intima. The media of venules larger than 
50 fx m in diameter eontains one or two layers of smooth muscle eells, but it is 
thin and dominated by eonneetive tissue. 

Medium-Sized Veins 

The luminal diameter of a medhim-sized vein ranges from 2 to 10 mm. Most 
deep veins (radial, tibial, and popliteal veins) are in this eategory. A medi- 
um-sized vein is typieally found in the same eonneetive tissue sheath and side 
by side with a muscular artery. 
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Figure 22.2 Structure of Capillaries and Sinusoids 
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Diagrammatie view of a sinusoid showing 
gaps between endothelial eells. 



Perivascular spaee 


Endothelial eell 
junction 


Endothelial 
eell nucleus 

Basal lamina 


Continuous eapillary TEM x 6000 



Wall of fenestrated eapillary SEM x 12,425 



The TEM shows a eross seetion through a continuous 
eapillary. A single endothelial eell forms a eomplete 
wall around this portion of the eapillary. 



A SEM shows the wall of a fenestrated eapillary. 
The pores are gaps in the endothelial wall 
permitting the passage of large volumes of fluid 
and solutes. 
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Figure 22.3 Organization of a Capillary Bed 



Smooth 
muscle eells 


Seetion of 
preeapillary sphineter 


Vein 


Oollateral 

arteries 


Venule 


Arteriole 

m vi JP 

p* 

1 J # 




■ m 


TJ # 1 

flk Vi jp 

li 

Thoroughfai 

'e 




ehannel 


Capillaries 


Small 

venule 


Preeapillary 

sphineters 


Arteriovenous 

anastomosis 


Basie organization of a typieal eapillary bed. The pattern 
of blood flow ehanges continually in response to regional 
alterations in tissue oxygen demand. 


KEY 


Oonsistent 
blood flow 

Variable 
blood flow 



Capillary bed 


LM X 125 


Small 

artery 


Arteriole 


Metarterioles 


Capillary 

beds 



Mierograph of a eapillary bed in human mesentery. 




The three-layer organization of vein walls is most visible in a medium- 
sized vein. The intima is eomposed of an endothelium resting on a basil lamina. 
Several layers of smooth muscle eells are found within the media, along with 
a eonsiderable amount of eollagen and elastie eonneetive tissue. The adven- 
titia is typieally thieker than the media and eontains elastie and collagenous 
eonneetive tissue fibers. Valves are a eharaeteristie feature of medium-sized 
veins. 


Venous Valves 

The blood pressure in venules and medium-sized veins is so low that it ean- 
not overeome the foree of gravity. For example, when you are standing, blood 
returning from your feet must overeome the pull of gravity to aseend to your 
heart. In the limbs, medium-sized veins eontain one-way valves that form 
from infoldings of the intima 'gure 22.4). These valves aet like the valves in 
the heart, preventing the backflow of blood. Valves eompartmentalize the blood 
within the veins, dividing the weight of the blood between the eompartments. 
As long as the valves function normally, any movement in the surrounding 
skeletal muscles squeezes the blood toward the heart. This meehanism is ealled 
a skeletal muscle pump. 


smooth muscle eells. Large veins do not have valves, but ehanges in pressure 
within body eavities help move blood toward the heart. 



CONCEPT CHECK 

1 Examination of a seetion of tissue shovvs several small, 
thin-vvalled vessels vvith very little smooth muscle 
tissue in the media. What type of vessels are these? 

2 Why are valves found in veins but not in arteries? 

3 The femoral artery is an example of vvhieh type of 
artery? 


See the blue Ansvvers tab at the baek of the book. 


22.2 The Distribiition of Blood 

► KEY POINT The veins normally eontain most of our blood volume (65 to 
70 pereent), with the rest distributed among the heart, arteries, and eapillaries. 


Large Veins 

Large veins include the superior and inferior venae eavae and tributaries such 
as the subclavian, renal, mesenterie, and portal veins within the abdominopel- 
vie and thoraeie eavities. The intima and media are small and difficult to dis- 
tinguish from one another in large veins. The thiekest layer is the adventitia. 
It eontains eollagen and elastie fibers and isolated, longitudinally arranged 


The total blood volume is unevenly distributed among arteries, veins, and eapil- 
laries jure 22.5 . The heart, arteries, and eapillaries eontain approximately 
30-35 pereent of the blood volume (about 1.5 L of whole blood), and the 
venous system eontains the rest (65-70 pereent, or about 3.5 L). 

Because the walls of veins are thinner and eontain more elastie tis- 
sue and less smooth muscle than those of arteries, veins are much more 
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Figure 22.4 Function of Valves in the Venous System. Valves in the 
vvalls of medium-sized veins prevent the baekflovv of blood. Venous 
eompression caused by the eontraetion of adjaeent skeletal rrmseles 
ereates pressure (shovvn by arrovvs) that assists in maintaining venous 
blood flow. ehanges in body position and the thoraeo-abdominal pump 
may provide additional assistanee. 



Valve 

elosed 


Valve 

elosed 




Valve eloses inferior 
to eontraeting muscle 


Valve opens superior 
to eontraeting muscle 


distensible (stretehable) than arteries. For a given rise in blood pressure, a 
typieal vein stretehes about eight times as much as a eorresponding artery. 
The eapaeitanee of a blood vessel is the relationship between the volume of 
blood it eontains and the blood pressure, and veins are ealled eapaeitanee 
vessels. Because veins have high eapaeitanee, they aet as blood reservoirs, 
which ean aeeommodate large ehanges in blood volume. If the blood volume 
rises or falls, the elastie walls streteh or reeoil, respeetively, ehanging the vol- 
ume of blood in the venous system. 

If serious hemorrhaging (blood loss) occurs, sympathetie nerves stimulate 
smooth muscle eells in the walls of medium-sized veins in the systemie system 
to eonstriet. This proeess, ealled venoeonstrietion (vè-nò-kon-STRIK-shun) 
reduces the volume of blood within the venous system, inereasing the volume 
within the arterial system and eapillaries. Reducing the amount of blood in 
the venous system maintains the blood volume within the arterial system at 
near-normal levels despite a signifieant blood loss. As a result, blood flow to 
aetive skeletal muscles and delieate organs, such as the brain, ean be inereased 
or maintained. 



CONCEPT CHECK 

4 What is venoeonstrietion, and hovv does it contribute 
to maintaining an adequate amount of blood 
volume in the arterial circuit follovving blood loss? 


5ee the blue Ansvvers tab at the baek of the book. 


Figure 22.5 The Distribution of Blood in the Cardiovascular System 
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22.3 Blood Vessel Distribution I 

► KEY POINT The pulmonary circuit transports blood between the heart and I 
the lungs. The systemie circuit transports blood between the heart and all other 
tissues. 

The blood vessels of the body are divided into the pulmonary circuit and 
the systemie circuit 1gure 22.6] . The pulmonary circuit transports blood 
between the heart and the lungs, a relatively short distanee. The arteries 
and veins of the systemie circuit transport blood between the heart and all 
other tissues, a round trip that involves much longer distanees. There are 
functional and structural differenees between the vessels in these circuits. 

For example, blood pressure within the pulmonary circuit is relatively low, 
and the walls of pulmonary arteries are thinner than those of systemie 
arteries. 

As you read the rest of this ehapter, note three important functional 
patterns: 

o The peripheral distribution of arteries and veins on the left and right sides 
of the body is usually identieal, except near the heart, where the largest 
vessels eonneet to the atria or ventrieles. 

o A single vessel may have several different names as it erosses speeifie ana- 
tomieal boundaries, making accurate anatomieal deseriptions possible 
when the vessel extends far into the periphery. 

o Anastomoses are often found between arteries and veins. These eonnee- 
tions reduce the impaet of temporary or even permanent occlusion (bloek- 
age) of a single blood vessel. 
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Figure 22.6 An Overvievv of the General Pattern of Circulation 




CONCEPT CHECK 

5 Explain why one vessel may have several different 
anatomieal names as it progresses from the 
abdominal aorta to the great toe on the left foot. 


See the blue Ansvvers tab at the baek of the book. 


22.4 The Pii monary Circuit 

► KEY POINT The pulmonary circuit earries deoxygenated blood from the heart 

to the lungs and returns oxygenated blood from the lungs to the heart. 

Blood entering the right atrium is returning from eapillary beds in the periph- 
eral tissues and myocardium where oxygen was released and earbon dioxide 
absorbed. After traveling through the right atrium and right ventriele, blood 
passes through the pulmonary valve and enters the pulmonary trunk, the start 
of the pulmonary circuit. This circuit, which eontains approximately 9 pereent 
of the total blood volume at any given moment, begins at the pulmonary valve 
and ends at the entranee to the left atrium. In the pulmonary circuit, oxygen is 
replenished and earbon dioxide is released. Compared with the systemie circuit, 
the pulmonary circuit is short: The base of the pulmonary trunk and the lungs 
are only about 15 em (6 in.) apart gure 22.7a]. 

The arteries of the pulmonary circuit earry deoxygenated (oxygen-poor) 
blood, which is different from the arteries of the systemie circuit. (For this rea- 
son, eolor-eoded diagrams usually show the pulmonary arteries in blue, the same 
eolor as systemie veins.) The pulmonary trunk curves over the superior border 
of the heart, where it divides into the left and right pulmonary arteries. 
These large arteries enter the lungs before branehing repeatedly, giving rise to 
smaller and smaller arteries. The smallest branehes, the pulmonary arterioles, 
provide blood to eapillary networks surrounding small air poekets, or alveoli 
(al-VÉ-ò-lI; alveolus, sae), in the lungs. The walls of the alveoli are thin enough 
to allow gas exchange between the eapillary blood and inspired air. As oxygenated 
(oxygen-rich) blood leaves the alveolar eapillaries, it enters venules that merge 
to form larger and larger vessels earrying blood toward the pulmonary veins. 
These four veins, typieally two from eaeh lung, empty into the left atrium, to 
eomplete the pulmonary circuit gure 22.7a] . Figure 22.7b is a spiral sean 
of the heart showing the vessels of the pulmonary circuit and their relationship 
to the heart and lungs in a living person. 


22.4 



CONCEPT CHECK 

6 Name the blood vessels that enter and exit the 
liings, and indieate whether they eontain primarily 
oxygenated or deoxygenated blood. 


5ee the blue Ansvvers tab at the baek of the book. 


22.5 Systemie Arteries 

► KEY POINT System ie arteries earry oxygenated blood to all parts of the body. 
In the periphery, oxygen diffuses from eapillaries into the interstitial spaee, and 
earbon dioxide diffuses from the interstitial spaee into the eapillaries. 

The systemie circuit begins at the aortie valve and ends at the entranee to the 
right atrium. It supplies the eapillary beds in all parts of the body not supplied 
by the pulmonary circuit. At any given moment, the systemie circuit eontains 
about 84 pereent of total blood volume. 

Figure 22.8, an overview of the arterial system, shows the loeations of 
major systemie arteries. Figures 22.9 to 2.1 detail the distribution of these 
vessels and their branehes. Note that because we have separate figures for arter- 
ies and veins, we have not included the terms artery(ies) and vein(s) in the 
labels. As a result, you will see the singular form of the name, such as inter- 
eostal, whether the leader points to one intereostal artery or several intereostal 
arteries. Notiee that several large arteries are ealled trimks. To avoid confusion, 
these names are shown in their entirety. Because the deseriptions that follow 
focus on major branehes found on both sides of the body, the terms right and 
left appear only when both vessels are labeled. 
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Figure 22.7 The Piilmonary Circuit 
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Anatomy of the pulmonary circuit. Blue arrovvs indieate the flow of oxygen-poor blood; 
red arrows indieate the flow of oxygen-rich blood. The breakout shows the alveoli of 
the lung and the routes of gas diffusion into and out of the bloodstream aeross the 
walls of the alveolar eapillaries. 
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Figure 22.8 An Overvievv of the Systemie Arterial System 
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The Aorta 

► KEY POINT The aorta, the first artery of the systemie circuit, exits from the 
left ventriele of the heart. It is subdivided into the aseending aorta, aortie areh, 
and deseending aorta. 

The Aseending Aorta and the Aortie Areh 

The aorta begins at the aortie valve of the left ventriele igure 21. 7b, p. 552, 
and gure 22.8 . The first segment of the aorta is the aseending aorta. The 
left and right eoronary arteries originate at the base of the aseending aorta, just 
superior to the aortie valve. (The distribution of eoronary vessels was deseribed 
in ehapter 21 and illustrated in Figure 21.10.) t) p. 557 

The aortie areh (also termed the areh ofthe aorta) curves like a eane han- 
dle, passing superiorly and posteriorly aeross the superior surface of the heart. 
It eonneets the aseending aorta with the deseending aorta. Three elastie arter- 
ies originate along the aortie areh ures 22.8 to 2.10 . These arteries, 
the braehioeephalie (brà-kè-ò-se-FAL-ik) trunk, the left eommon earotid 
artery, and the left subclavian (sub-CLÀ-vè-an) artery, deliver blood to the 
head, neek, shoulders, and upper limbs. The braehioeephalie trunk aseends for 
a short distanee where, posterior to the right sternoclavicular joint, it divides 
and forms the right subclavian artery and the right eommon earotid 
artery. There is only one braehioeephalie trunk; the left eommon earotid and 


left subclavian arteries arise separately from the aortie areh. However, in terms 
of their peripheral distribution of blood, the vessels on the left side are mirror 
images of those on the right side. igure 22.10 illustrates the major branehes 
of these arteries. 


TIPS & TOOLS 


To remember the branehes of the aorta, think of your ABCs: Aortie areh, 
Braehioeephalie trunk, Common earotid artery, Subclavian artery. 


The Siibdavian Arteries 

The subclavian arteries areh over the apex (superior tip) of the right and left 
lungs. These vessels supply the upper limbs, ehest wall, shoulders, baek, brain, 
and spinal eord with blood igures 22.8 to 2.1 Oi . Three major branehes 
arise from the subclavian arteries before they leave the thoraeie eavity: (1) a 
thyroeervieal trunk, which supplies blood to muscles and other tissues of the 
neek, shoulder, and upper baek; (2) an internal thoraeie artery, supplying 
the pericardium and anterior wall of the ehest; and (3) a vertebral artery, 
which supplies blood to the brain and spinal eord. 


Figure 22.9 Aortie Angiogram. This angiogram shovvs the aseending aorta, the aortie areh, the 
deseending aorta, the braehioeephalie trunk (branehing into the right subclavian and right eommon 
earotid arteries), and the left subclavian and left eommon earotid arteries. 
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Figure 22.10 Arteries of the Chest and (Jpper Limb 
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Figure 22.10 (eontiniied) 
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After leaving the thoraeie eavity and passing over the first rib, eaeh sub- 
elavian artery beeomes an axillary artery. The axillary arteries supply blood 
to the muscles of the peetoral region and axilla. The axillary artery erosses 
the axilla and enters the arm, where it gives rise to the humeral circumflex 
arteries. These vessels supply structures near the head of the humerus. Dis- 
tally, the axillary artery beeomes the braehial artery, which supplies blood to 
the upper limb. 

The first braneh from the braehial artery is the deep braehial artery. 
This vessel supplies deep structures along the posterior surface of the arm. 
The ulnar eollateral arteries and the ulnar recurrent arteries braneh 
from the braehial artery as it passes distally in the arm. They supply the area 
around the elbow. As it approaehes the eoronoid fossa of the humerus, the 
braehial artery divides into the radial and ulnar arteries. These arteries fol- 
low the radius and ulna distally to the wrist, supplying blood to the forearm. At 
the wrist, these arteries anastomose to form a superficial palmar areh and a 
deep palmar areh. These arehes supply blood to the palm of the hand and to 
the digital arteries of the thumb and fingers. 

The Carotid Arteries and the Blood Supply to the Brain 

The eommon earotid arteries aseend deep in the tissues of the neek, just 
lateral to the traehea (windpipe). At the level of the larynx, eaeh eommon 
earotid artery divides into an external earotid artery and an internal 
earotid artery. The earotid sinus is loeated at the base of the internal 
earotid artery. Often, it extends inferiorly along a portion of the eommon 


earotid artery gures 22.1 and 2.1 . The earotid sinus eontains baro- 

reeeptors and ehemoreeeptors involved in cardiovascular regulation. The 
external earotid arteries supply blood to the structures of the neek, pharynx, 
esophagus, larynx, lower jaw, and faee. The internal earotid arteries enter 
the skull through the earotid eanals of the temporal bones, delivering blood 
to the brain. Eaeh internal earotid artery aseends to the level of the optie 
nerves, where it divides into three branehes: (1) an ophthalmie artery sup- 
plying the eye, (2) an anterior eerebral artery supplying the frontal and 
parietal lobes of the brain, and (3) a middle eerebral artery supplying the 
midbrain and lateral surfaces of the eerebral hemispheres gures 22.12 
and 22.13). 

The brain is extremely sensitive to ehanges in its circulatory supply. An 
intermption of circulation for several seeonds produces unconsciousness, and 
after 4 minutes there may be permanent neural damage. Such intermptions 
in circulation are rare because blood reaehes the brain through two sources: 
the vertebral arteries and the internal earotid arteries. The vertebral arter- 
ies braneh from the subclavian arteries and aseend within the transverse 
foramina of the eervieal vertebrae. The vertebral arteries enter the eranimn 
at the foramen magnum. There, the two vertebral arteries fuse along the 
ventral surface of the medulla oblongata and form the basilar artery. 
The basilar artery continues on the ventral surface of the brain along the pons. 
The basilar artery branehes many times before dividing into the posterior 
eerebral arteries. The posterior eerebral arteries braneh into the posterior 
eommimieating arteries gures 22.11, 22.12, and 2.13a,b). 


Figure 22.1 Major Arteries of the Neek. This disseetion of the anterior neek shovvs the position 
and appearanee of the major arteries in this region. In this disseetion, part of the right elaviele, first 
rib, and manubrium of the sternum have been removed, along vvith the inferior portion of the right 
internal jugular vein. 
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Figure 22.12 Arteries of the Neek and Head 
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General circulation pattern of arteries supplying the neek and superficial 
structures of the head; this is an oblique lateral view from the right side. 
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Figure 22.13 The Arterial Supply to the Brain 
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An inferior view of the brain showing the distribution of arteries. See -igure 22.19b 
for a eomparable view of the veins on the inferior surface of the brain. 
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The arteries on the inferior surface of the 
brain; the vessels have been injeeted with 
red latex, making them easier to see. 
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A lateral view of the arteries supplying the brain. This is a eorrosion east: The 
vessels have been injeeted with latex, and then the brain tissue was 
dissolved and removed in an aeid bath. 
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CLINICAL NOTE 


Repair of an Aortie Aneurysm 


An aneurysm is a bulge, or weakness, that develops in the wall 
of an artery. An aneurysm ean occur in arteries anywhere in the 
body, including the brain and heart. Here we focus on aneurysms in 
the aorta. 

The wall of the aorta is very elastie, able to streteh and reeoil as 
it adapts to blood flow. An aortie aneurysm is defined by its anatomie 
loeation as a thoraeie aortie aneurysm, either aseending or deseend- 
ing, or an abdominal aortie aneurysm. 

Although some abdominal aortie aneurysms ean be palpated or 
auscultated (heard with a stethoseope) in thin individuals, most do 
not cause symptoms early on and are diseovered as ineidental findings 
with x-ray or ultrasound studies. Many primary eare physieians believe 
people over 65 with a family history of aortie 
aneurysm, and men over 65 who have ever 
smoked, should have a one-time ultrasound 
sereening for abdominal aortie aneurysms. 

If an aortie aneurysm suddenly ruptures, 
the prognosis is very poor, with a mortality 
rate of over 90 pereent. Some doetors reeom- 
mend preventive surgical treatment of aneu- 
rysms greater than 5 em in diameter that are 
enlarging with time. 

A traditional open surgical repair is 
performed through a large midline ineision 
with the monitored, anesthetized patient 
in the supine position. The aorta is eross- 
elamped above and below the aneurysm to 
stop blood flow long enough for repair. The 
aneurysm sae is opened and a long, synthetie 


Thoraeie 

aortie 

aneurysm 


Abdominal 

aortie 

aneurysm 


tube graft is inserted aeross the defeet and sutured in plaee. The 
elamps are released and the aorta is wrapped around the graft and 
sutured elosed. 

A less-invasive endovascular repair is sometimes possible, 
depending on the loeation of the aneurysm and whether major arterial 
branehes are involved. This proeess involves making a small ineision into 
the femoral artery, passing a guide wire to the aneurysm site, and slid- 
ing a sheath over the wire. A stent graft ean then be inserted through 
the femoral artery and advaneed up the aorta to the aneurysm. The 
stent graft is then expanded and attaehed to the internal wall of the 
aorta, preventing it from expanding further. 
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Vascular elamp to eontrol bleeding 
Graft sutured into plaee 

Repair of an abdominal aneurysm by 
the insertion of a graft. 


Endovascular stent in plaee 



Representation of an aortie 
and an abdominal aneurysm 


Stent released as eatheter 
is slovvly pulled baek 

Plaque in aneurysm 


Oatheter inserted into femoral 
artery and threaded up to the 
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Repair of an abdominal aneurysm by 
the insertion of an endovascular stent 
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The internal earotid arteries braneh to form the arteries supplying the 
anterior half of the eerebmm. The rest of the brain reeeives blood from the 
vertebral arteries. This circulatory pattern often ehanges because the internal 
earotid arteries and the basilar artery are intereonneeted. They form a ring- 
shaped anastomosis ealled the eerebral arterial eirele, or eirele of Willis, 
which eneireles the infundibulum of the pituitary gland ure 22.13a,b' . 
With this arrangement the brain ean reeeive blood from the earotids and/or the 
vertebrals, reducing the likelihood of intermpted circulation. 

The Deseending Aorta 

► KEY POINT The deseending aorta is divided into the thoraeie aorta and ab- 
dominal aorta. 

The deseending aorta is continuous with the aortie areh. The diaphragm 
divides the deseending aorta into a superior thoraeie aorta and an inferior 
abdominal aorta ( igure 22.8, p. 578). 'igure 22.14 shows the branehes of 
the thoraeie aorta and abdominal aorta. 

The Thoraeie Aorta 

The thoraeie aorta begins at the level of vertebra T^ and lies slightly to the left 
of midline. Gradually the thoraeie aorta shifts toward the midline, exits from 


the posterior mediastinum, and passes through the diaphragm at the level of 
vertebra T 12 gure 22.14). The thoraeie aorta supplies blood to organs of the 
thorax (except the heart), the muscles of the ehest and the diaphragm, and the 
thoraeie portion of the spinal eord. 

The branehes of the thoraeie aorta are grouped anatomieally as either vis- 
eeral or parietal. Viseeral branehes supply the organs of the ehest. The bron- 
ehial arteries supply the conducting passageways of the lungs, perieardial 
arteries supply the pericardium, mediastinal arteries supply general medi- 
astinal structures, and esophageal arteries supply the esophagus. Parietal 
branehes of the thoraeie aorta supply the ehest wall. The intereostal arteries 
supply the ehest muscles and the vertebral column area, and the superior 
phrenie (FREN-ik) arteries deliver blood to the superior surface of the mus- 
cular diaphragm that separates the thoraeie and abdominopelvie eavities. 

The Abdominal Aorta 

The abdominal aorta begins immediately inferior to the diaphragm and 
deseends slightly to the left of the vertebral column, posterior to the perito- 
neal eavity gures 22.14 and 2.1 f . It is often surrounded by a cushion of 
adipose tissue. At the level of vertebra L 4 the abdominal aorta splits into the 
right and left eommon iliae arteries. These vessels supply blood to deep pelvie 
structures and the lower limbs. The region where the aorta splits is ealled the 
terminal segment of the aorta. 
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Figure 22.14 Major Arteries of the Trunk 
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The abdominal aorta delivers blood to all abdominopelvie organs and 
structures. The major branehes to viseeral organs are unpaired. These vessels 
originate on the anterior surface of the abdominal aorta and extend into the 
mesenteries to reaeh the viseeral organs. Branehes to the body wall, the kidneys, 
and other structures outside the peritoneal eavity are paired, and they origi- 
nate along the lateral surfaces of the abdominal aorta. gure 22.14 shows the 
major arteries of the trunk, with the thoraeie and abdominal organs removed. 

The abdominal aorta gives rise to three unpaired arteries: (1) the eeliae 
trunk, (2) the superior mesenterie artery, and (3) the inferior mesenterie artery 
(Figures 22.14 and 22.15). 

o The eeliae (SE-le-ak) trunk supplies blood to the liver, stomaeh, esopha- 
gus, gallbladder, duodenum, panereas, and spleen. The eeliae artery divides 
into three branehes: 

■ the left gastrie artery, which supplies the stomaeh and inferior 
portion of the esophagus; 

■ the splenie artery, which supplies the spleen and arteries to the 
stomaeh (left gastro-epiploie artery) and panereas (panereatie arter- 
ies); and 

■ the eommon hepatie artery, which supplies blood to the liver 
(hepatie artery proper), stomaeh (right gastrie artery), gallblad- 
der (eystie artery), and duodenal area (gastroduodenal, right gastro- 
epiploie, and superior pancreaticoduodenal arteries). 

o The superior mesenterie (mez-en-TER-ik) artery arises about 2.5 em 
inferior to the eeliae trunk. It divides and supplies blood to the panereas 
and duodenum (inferior pancreaticoduodenal artery), small intestine 
(intestinal arteries), and most of the large intestine (right eolie, middle 
eolie, and ileoeolie arteries). 

o The inferior mesenterie artery arises about 5 em superior to the termi- 
nal segment of the aorta. It supplies the terminal portions of the eolon 
(left eolie and sigmoid arteries) and the rectum (reetal arteries). 

The abdominal aorta also gives rise to five paired arteries: (1) the inferior 
phrenies, (2) the adrenals, (3) the renals, (4) the gonadals, and (5) the lumbars. 

o The inferior phrenie arteries supply the inferior surface of the dia- 
phragm and the inferior portion of the esophagus. 

o The adrenal arteries originate on either side of the aorta near the base 
of the superior mesenterie artery. Eaeh adrenal artery supplies an adrenal 
gland, which eaps the superior part of a kidney. 

o The short (about 7.5 em) renal arteries originate along the posterolateral 
surface of the abdominal aorta, about 2.5 em inferior to the superior mes- 
enterie artery. They travel posterior to the peritoneal lining to reaeh the 
adrenal glands and kidneys. (We discuss branehes of the renal arteries in 
Chapter 26.) 

o The gonadal (go-NAD-al) arteries originate between the superior and 
inferior mesenterie arteries. In males, they are ealled testicular arteries 
and are long, thin arteries supplying blood to the testes and serotmn. In 
females, they are termed ovarian arteries and supply blood to the ovaries, 
uterine tubes, and uterus. The distribution of gonadal vessels (both arteries 
and veins) differs in males and females. 

e Small himbar arteries arise on the posterior surface of the aorta and sup- 
ply the vertebrae, spinal eord, and abdominal wall. 

Arteries of the Pelvis and Lower Limbs 

At vertebra L 4 , the terminal segment of the abdominal aorta divides to form 

the right and left eommon iliae (IL-è-ak) arteries and the small median 


saeral artery. These arteries earry blood to the pelvis and lower limbs ures 
22.14, 22.16, and 22.17). The eommon iliae arteries travel along the inner 
surface of the ilium, deseending posterior to the cecum and sigmoid eolon. 

At the level of the lumbosacral joint, eaeh eommon iliae divides to form an 
internal iliae artery and an external iliae artery. The internal iliae 
arteries enter the pelvie eavity and supply the urinary bladder, internal and 
external walls of the pelvis, external genitalia, and medial side of the thigh. 

The major branehes of the internal iliae artery are the superior gluteal, 
internal pudendal, obturator, and lateral saeral arteries. In females, these 
vessels also supply the uterus and vagina. The external iliae arteries supply 
blood to the lower limbs, and they are much larger in diameter than the 
internal iliae arteries. 

Arteries of the Thigh and Leg The external iliae artery erosses the 
surface of the iliopsoas and penetrates the abdominal wall, exiting the abdo- 
men between the anterior superior iliae spine and the pubic symphysis. It 
emerges on the anteromedial surface of the thigh as the femoral artery. 
Approximately 5 em distal to its exit from the abdominal eavity, the deep 
femoral artery branehes off its lateral surface 'gure 22.16]. The medial 
and lateral circumflex arteries braneh off the deep femoral artery. The fem- 
oral, deep femoral, medial, and lateral circumflex arteries supply the muscles of 
the thigh and the ventral and lateral skin of the thigh. 

The femoral artery continues inferiorly and posterior to the femur. At 
the popliteal fossa, the femoral artery gives off a braneh, the deseending 
genicular artery. This vessel supplies blood to the medial aspeet of the knee. 

The femoral artery continues distally and beeomes the popliteal (pop-LIT-è-al) 
artery as it passes through the adductor magnus ure 22.1 . The popliteal 

artery erosses the popliteal fossa and then branehes, forming the posterior 
tibial artery and the anterior tibial artery. The posterior tibial artery travels 
distally, deep to the soleus, supplying the skin and posterior muscles of the 
leg. The anterior tibial artery passes between the tibia and fibula, emerging 
on the anterior surface of the tibia. As it deseends toward the foot, it supplies 
blood to the skin and muscles of the anterior portion of the leg. The posterior 
tibial artery gives rise to the fibular artery or peroneal artery , approximately 
4 em distal to its formation. The fibular artery travels distally, lying posterior I 
to the fibula. It supplies blood to the skin and muscles on the lateral side of 
the leg. I 

Arteries of the Foot When the anterior tibial artery reaehes the ankle, 
it beeomes the dorsalis pedis artery. The dorsalis pedis branehes repeatedly, 
supplying the ankle and dorsal portion of the foot gure 22.16] . 

At the ankle, the posterior tibial artery divides to form the medial and 
lateral plantar arteries. They supply blood to the plantar surface of the foot. 
These arteries eonneet to the dorsalis pedis artery by a pair of anastomoses. This 
eonneetion links the dorsal areh (arcuate areh ) to the plantar areh. Small 
arteries branehing off these arehes supply the distal portions of the foot and 
the toes. 



CONCEPT CHECK 

7 What regions of the body reeeive their blood from 
the earotid arteries? 

8 Which artery is found at the bieeps region of the 
right arm? 

9 What artery does the external iliae artery beeome 
after leaving the abdominal eavity? 

10 Does damage to the internal earotid arteries alvvays 
result in brain damage? Why or why not? 


5ee the blue Ansvvers tab at the baek of the book. 
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Figure 22.15 Arteries of the Abdomen 
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Figure 22.16 Major Arteries of the Lovver Limb, Part I 
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Figure 22.1 Major Arteries of the Lower Limb, Part II 
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22.6 Systemie Veins 

► KEY POINT System ie veins drain all of the areas supplied by the arterial 
branehes of the systemie circuit. The systemie veins ultimately unite to form either 
the superior vena eava or the inferior vena eava, both of which empty into the 
right atrium of the heart. 

Veins eolleet blood from the body’s tissues and organs in an elaborate venous 
network. This network drains into the right atrium of the heart by the superior 
and inferior venae eavae. Arteries and veins typieally run side by side, and in 
many eases they have eomparable names gure 22.18 . For example, the 
axillary artery runs alongside the axillary vein. In addition, arteries and veins 
often travel in a eonneetive tissue sheath eontaining peripheral nerves that 
have the same names and innervate the same structures. 

There are two signifieant differenees between the arterial and venous 
systems in the neek and limbs: 

o Venous drainage is variable. Signifieant variations eommonly occur in the 
number and loeation of veins draining the neek and limbs. Figures in this 
ehapter represent the most eommon loeation ofveins in these regions. 

o Arteries in the neek and limbs are not found at the body surface. 
Instead, they are deep, proteeted by bones and surrounding soft tissues. 
In eontrast, the neek and limbs usually have two sets of peripheral veins, 
one superficial and the other deep. Superficial veins are so elose to the 
surface that they are elearly visible. It is easy to obtain blood samples 
from these veins, and most blood tests are performed on venous blood 
eolleeted from the superficial veins of the upper limb (usually the ante- 
cubital surface). 

This dual venous drainage plays an important role in eontrolling body 
temperature. When body temperature beeomes abnormally low, the arterial 
blood supply to the skin is reduced, the superficial veins are bypassed, and 
blood flows baek to the trunk in the deep veins. When overheating occurs, 
the blood supply to the skin inereases, and the superficial veins dilate. This 
is one reason why superficial veins in the arms and legs beeome prominent 
during heavy exercise. 

The branehing pattern of peripheral veins is more variable than that of 
arteries. Arterial pathways are usually direet, because developing arteries grow 
toward aetive tissues. By the time blood reaehes the venous system, pressures 
are low, and routing variations make little functional differenee. The following 
discussion is based on the most eommon arrangement of veins. 

The Superior Vena Cava 

► KEY POINT The superior vena eava reeeives blood from the head, neek, ehest, 
shoulders, and upper limbs. 


All systemie veins (except the eardiae veins, which drain into the eoronary 
sinus) drain into either the superior vena eava or the inferior vena eava. The 
superior vena eava reeeives blood from the tissues and organs of the head, 
neek, ehest, shoulders, and upper limbs Figiire 22.18; . 

Venous Return from the Cranium 

Numerous veins drain the eerebral hemispheres. The superficial eerebral 
veins empty into a network of dural sinuses. These include the superior and 
inferior sagittal sinuses, the petrosal sinuses, the oeeipital sinus, the left and 
right transverse sinuses, and the straight sinus : igure 22,19 . The superior 
sagittal sinus lies within the falx eerebri. p. 408 The majority of the 
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Figure 22.18 An Overvievv of the Systemie Venous System 
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Figure 22.19 Major Veins of the Head and Neek 
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internal eerebral veins eolleet inside the brain and form the great eerebral 
vein. This vessel eolleets blood from the interior of the eerebral hemispheres 
and the ehoroid plexus and delivers it to the straight sinus. Other eere- 
bral veins and numerous small veins from the orbit of the eye drain into the 
cavernous sinus. Blood from the cavernous sinus reaehes the internal jugular 
vein through the petrosal sinuses. 

The venous sinuses eonverge within the dura mater in the region of the 
lambdoid suture. The left and right transverse simises form at the confluence 
Petrosal of sinuses near the base of the petrous part of the temporal bone. Eaeh drains 

into a sigmoid sinus. Eaeh sigmoid sinus continues as the internal jugular 
vein, which exits the skull at the jugular foramen. The internal jugular vein 
deseends parallel to the eommon earotid artery in the neek gure 22.19, . 

Vertebral veins drain the eervieal spinal eord and the posterior surface of 
the skull. These vessels deseend within the transverse foramina of the eervieal 
vertebrae, adjaeent to the vertebral arteries. The vertebral veins empty into the 
braehioeephalie veins of the ehest. 
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An inferior view of the brain showing the major veins. Compare 
with the arterial supply to the brain shown in Figure 22.13a. 


Superficial Veins of the Head and Neek The superficial veins 

of the head eonverge to form the temporal, faeial, and maxillary veins 
(Figure 22.19). The temporal and maxillary veins drain into the external 
jugular vein. The faeial vein drains into the internal jugular vein. A broad 
anastomosis between the external and internal jugular veins, at the angle of the 
mandible, provides dual venous drainage of the faee, sealp, and cranium. The 
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Figure 22.20 The Venous Drainage of the Trunk and (Jpper Limb 
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external jugular vein deseends superficial to the sternoeleidomastoid. Posterior 
to the elaviele, the external jugular empties into the subclavian vein. The exter- 
nal jugular vein is easily palpable, and a jugular venous pulse (JVP) is often 
deteetable at the base of the neek. 


Venous Return from the Upper Limb 

The digital veins empty into the superficial and deep palmar veins of the 

hand. These intereonneet to form the palmar venous arehes íigure 22.20 . 
The superficial areh empties into the eephalie vein, the median antebraehial 
vein, and the basilie vein. The eephalie vein travels proximally on the radial 
side of the forearm. The median antebraehial vein and the basilie vein both 
travel proximally on the ulnar side of the forearm. Anterior to the elbow is the 
superficial median cubital vein, which intereonneets the eephalie and basilie 
veins. Venous blood samples are typieally eolleeted from the median cubital vein. 

The deep palmar veins drain into the radial vein and the ulnar vein. 
After erossing the elbow, these veins fuse with the anterior interosseous vein to 


form the braehial vein. The braehial vein lies parallel to the braehial artery. 
As the braehial vein continues proximally toward the trunk, it reeeives blood 
from the basilie vein, which lies on the medial surface of the bieeps braehii. 
The braehial vein enters the axilla as the axillary vein í gure 22.20 . 
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The Formation of the Superior Vena Cava 

The eephalie vein joins the axillary vein, forming the subclavian vein. The subcla- 
vian vein passes over the superior surface of the first rib, deep to the elaviele, and 
into the thoraeie eavity. The subclavian merges with the external and internal jugu- 
lar veins, ereating the braehioeephalie vein gure 22.20 . The braehioeephalie 
vein reeeives blood from the vertebral vein, which drains the posterior portion of 
the skull and the spinal eord. At the level of the first and seeond ribs, the left and 
right braehioeephalie veins merge and form the superior vena eava. Close to the 
point of fusion, the internal thoraeie vein empties into the braehioeephalie vein. 

The azygos (AZ-T-gos) vein merges with the superior vena eava. This 
vein aseends from the lumbar region over the right side of the vertebral column 
to enter the thoraeie eavity through the diaphragm. The azygos vein joins the 
superior vena eava at the level of vertebra T 2 . On the left side, the azygos reeeives 
blood from the smaller hemi-azygos vein, which may also drain into the left 
braehioeephalie vein through the highest intereostal vein. 

The azygos and hemi-azygos veins are the ehief eolleeting vessels of the thorax. 
They reeeive blood from (1) intereostal veins, which in turn reeeive blood from 
the ehest muscles, (2) esophageal veins, which drain blood from the inferior por- 
tion of the esophagus, and (3) smaller veins draining other mediastinal structures. 

The hemi-azygos vein may also drain into the left superior intereostal 
vein, a tributary of the left braehioeephalie vein, by way of a small aeeessory 
hemi-azygos vein. The aeeessory hemi-azygos vein starts at the fourth or fifth 
intereostal spaee and travels inferiorly on the left side of the vertebral column. 
It drains the left superior portion of the thoraeie eavity. At T g , it erosses to the 
right side of the thoraeie eavity and empties into the azygos vein. 

The Inferior Vena Cava 

► KEY POINT The inferior vena eava aseends to the right of the aorta, draining 
structures supplied with blood by the arteries of the systemie circulation. 

The inferior vena eava eolleets most of the venous blood from organs infe- 
rior to the diaphragm. (A small amount reaehes the superior vena eava by the 
azygos and hemi-azygos veins). 




Veins Draining the Lower Limb 

Blood leaving eapillaries in the sole of eaeh foot eolleets into a network of 
plantar veins. Blood in the plantar venous areh flows into the deep veins 
of the leg: the anterior tibial vein, the posterior tibial vein, and the fibular 

(or peroneal) vein igure 22.2 . The dorsal venous areh eolleets blood from 

eapillaries on the dorsal surface of the foot and the digital veins of the toes. There 
are extensive anastomoses between the plantar areh and dorsal areh, and the 
blood in these arehes ean easily flow into either the superficial or deep veins. 

The dorsal venous areh is drained by two superficial veins, the great 
saphenous (sa-FÉ-nus; saphenes, prominent) vein and the small saphenous 
vein. (During eoronary artery bypass graft surgery, surgeons often remove the 
great saphenous vein to replaee bloeked eoronary vessels.) The longest vein in 
the body, the great saphenous travels proximally along the medial aspeet of 
the leg and thigh, draining into the femoral vein near the hip joint. The small 
saphenous vein arises from the dorsal venous areh and travels proximally along 
the posterior and lateral aspeet of the ealf. It then enters the popliteal fossa, 
where it drains into the popliteal vein. The popliteal vein is formed by the 
union of the anterior tibial, posterior tibial, and fibular veins igure 22.2 . 

The popliteal vein is easily palpated in the popliteal fossa adjaeent to the adduc- 
tor magnus. Onee it leaves the popliteal fossa, the popliteal vein beeomes the 
femoral vein, which travels proximally next to the femoral artery. 

Immediately before entering the abdominal wall, the femoral vein 
reeeives blood from three vessels: (1) the great saphenous vein, (2) the deep 
femoral vein, and (3) the femoral circumflex vein. The deep femoral vein 


eolleets blood from deeper structures of the thigh, and the femoral circumflex 
vein drains the area around the neek and head of the femur. The femoral vein 
penetrates the body wall and enters the pelvie eavity as the external iliae vein. 

Veins Draining the Pelvis 

The external iliae veins reeeive blood from the lower limbs, pelvis, and lower abdo- 
men. As eaeh external iliae vein travels aeross the inner surface of the ilium, it 
merges with the internal iliae vein. The internal iliae veins drain the organs of the 
pelvis. The gluteal, internal pudendal, obturator, and lateral saeral veins unite 
and form the internal iliae veins (Figure 22.21). The union of the external and 
internal iliae veins forms the eommon iliae vein. The median saeral vein, which 
drains the region supplied by the median saeral artery, empties into the left eom- 
mon iliae. The left and right eommon iliae veins aseend at an oblique angle and, 
anterior to vertebra L 5 , they unite to form the inferior vena eava igure 22.2 . 

Veins Draining the Abdomen 

Vessels emptying into the inferior vena eava drain the abdominal wall, gonads, 
liver, kidneys, adrenal glands, and diaphragm. The hepatie portal vein drains 
the viseeral organs within the abdominal eavity. The inferior vena eava, which 
is retroperitoneal, aseends parallel and to the right of the aorta. Blood from the 
inferior vena eava flows into the right atrium, where it mixes with venous blood 
from the superior vena eava. This blood enters the right ventriele and is pumped 
into the pulmonary circuit for oxygenation at the lungs. 

The abdominal portion of the inferior vena eava eolleets blood from six 
major veins (Figure 22.20): 

o Lumbar veins drain the lumbar portion of the abdomen. These veins are 
eonneeted to the azygos vein (right side) and hemi-azygos vein (left side), 
which empty into the superior vena eava. 

o Gonadal veins (ovarian or testieiilar veins) drain the ovaries or testes. The 
right gonadal vein empties into the inferior vena eava; the left gonadal 
drains into the left renal vein. 

o Hepatie veins leave the liver and empty into the inferior vena eava at the 
level of vertebra T 10 . 

o Renal veins eolleet blood from the kidneys. These are the largest vessels 
draining into the inferior vena eava. 

o Adrenal veins drain the adrenal glands. Usually, only the right adrenal vein 
drains into the inferior vena eava, and the left drains into the left renal vein. 

o Phrenie veins drain the diaphragm. Only the right phrenie vein drains 
into the inferior vena eava; the left drains into the left renal vein. 

The Hepatie Portal System 

The hepatie portal system begins in the eapillaries of the digestive organs 
and ends in the liver sinusoids. The liver is the only digestive organ draining 
direetly into the inferior vena eava. Blood leaving the eapillary beds supplied 
by the eeliae, superior mesenterie, and inferior mesenterie arteries flows into 
the veins of the hepatie portat system instead of traveling direetly to the infe- 
rior vena eava. As we mentioned in Ohapter 19, a blood vessel eonneeting two 
eapillary beds is ealled a portal vessel, and the network is a portal system. 

pp. 508-510 Blood flowing in the hepatie portal system is quite different from 
blood in other systemie veins because it eontains substances absorbed from the 
stomaeh and intestines. For example, levels of blood glucose and amino aeids in the 
hepatie portal vein often exceed those found anywhere else in the cardiovascular 
system. The hepatie portal system delivers these and other absorbed compounds 
direetly to the liver for storage, metabolie eonversion, or excretion gure 22.2 . 

The largest vessel of the hepatie portal system is the hepatie portal vein. 
It delivers venous blood to the liver. It reeeives blood from three large veins 
draining organs within the peritoneal eavity: 
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o The inferior mesenterie vein eolleets blood from eapillaries in the infe- 
rior portion of the large intestine. The left eolie vein and the superior 
reetal veins, which drain the deseending eolon, sigmoid eolon, and ree- 
tum, empty into the inferior mesenterie vein. 

o The splenie vein eolleets blood from the inferior mesenterie vein and 
veins from the spleen, the lateral border of the stomaeh (left vein), and the 
panereas (panereatie veins). 


o The superior mesenterie vein eolleets blood from veins draining the 
stomaeh (right gastro-epiploie vein), the small intestine (intestinal and 
pancreaticoduodenal veins), and two-thirds of the large intestine (ileo- 
eolie, right eolie, and middle eolie veins). 

The hepatie portal vein forms through the fusion of the superior mesen- 
terie and splenie veins. Of the two, the superior mesenterie vein normally eon- 
tributes the greater volume of blood and most of the nutrients. As the hepatie 


Figure 22.21 The Venous Drainage of the Lower Limb 
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Figure 22.22 The Hepatie Portal System 
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portal vein proeeeds to the liver, it also reeeives blood from the gastrie veins 
and eystie veins. The gastrie veins drain the medial border of the stomaeh, and 
the eystie veins drain the gallbladder. 

After passing through the liver sinusoids, blood flows into the hepatie 
veins, which empty into the inferior vena eava gure 22.22 . Because blood 
goes to the liver first, the eomposition of blood in the systemie circuit remains 
relatively stable, regardless of the digestive aetivities under way. 



CONCEPT CHECK 

11 It is 110°F oiitside, and you are very hot. What 
ehanges have occurred in your veins and why? 

12 Which major vein reeeives blood from the head, 
neek, ehest, shoulders, and upper limbs? 

13 Why does blood leaving the intestines first go 
to the liver? 


5ee the blue Ansvvers tab at the baek of the book. 


22.7 Cardiovascular ehanges at Birth 

► KEY POINT During development, the fetus reeeives its nutrients and oxygen, 
and excretes its vvastes and earbon dioxide, by diffusion through the plaeenta. 
With a nevvborn's first breath, lung function, gastrointestinal aetivity, and circula- 
tory patterns ehange. 

There are signifieant differenees between the fetal and adult cardiovascu- 
lar systems. These differenees refleet the different sources of respiratory and 
nutritional support. The fetal lungs are eollapsed and nonfunctional, and the 
digestive traet has nothing to digest. The plaeenta, a complex organ regulating 
the exchange between the fetal and maternal bloodstreams, provides all fetal 
respiratory and nutritional needs. 

Two umbilical arteries braneh off the internal iliae arteries of the fetus 
(Figure 22.23). These vessels enter the umbilical eord and deliver blood to the 
plaeenta. Blood returns to the fetus from the plaeenta in the single umbilical 
vein. The umbilical vein brings oxygen and nutrients to the developing fetus. The 
umbilical vein drains into the ductus venosus, which is eonneeted to a network 
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Figure 22.23 Changes in Fetal Circulation at Birth 
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of veins. When the plaeental eonneetion is broken at birth, blood flow eeases in 
the iimbilieal vessels, and they soon degenerate. 

Although the interatrial and interventricular septa develop early in fetal 
life, the interatrial partition is functionally ineomplete up to the time of 
birth. The foramen ovale (interatrial opening) is assoeiated with a long flap 
that aets as a valve. Blood ean flow freely from the right atrium into the left 
atrium, but any backflow eloses the valve and isolates the two ehambers from 
one another. Thus, blood entering the heart at the right atrium ean bypass 
the pulmonary circuit. A seeond, shorter circuit exists between the pulmo- 
nary and aortie trnnks. This eonneetion, the ductus arteriosus, eonsists of a 
short, muscular vessel. 

With the lungs eollapsed, the eapillaries are eompressed and little blood 
flows through the lungs. During diastole, blood enters the right atrium 
and flows into the right ventriele, but it also passes into the left atrium 
through the foramen ovale. About 25 pereent of the blood arriving at the 
right atrium bypasses the pulmonary circuit in this way. In addition, more 
than 90 pereent of the blood leaving the right ventriele passes through the 
ductus arteriosus and enters the systemie circuit, rather than continuing to 
the lungs. 

At birth, dramatie ehanges occur. When the infant takes its first breath, 
the lungs and pulmonary vessels expand. The smooth muscle in the ductus 
arteriosus eontraets. This isolates the pulmonary and aortie trnnks, and blood 
begins flowing through the pulmonary circuit. As pressures rise in the left 
atrium, the valvular flap eloses the foramen ovale and eompletes the eardio- 
vascular remodeling ìgure 22.23a,b). In adults, the interatrial septum bears 
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CLINICAL NOTE 



Congenital Cardiovascular Problems 

Congenital cardiovascular problems serious enough 
to represent a threat to homeostasis are relatively rare. They 
usually refleet abnormal formation of the heart or problems with 
the intereonneetions between the heart and the great vessels. 

Most of these eonditions ean be surgically eorreeted, although 
multiple surgeries may be required and life expectancy may be 
shortened in more severe defeets. 




a shallow depression, the fossa ovalis, marking the site of the original fora- 
men ovale. The remnants of the ductus arteriosus remain as a fibrous eord, the 

ligamentiim arteriosum. 

If the proper circulatory ehanges do not occur at birth or shortly thereafter, 
problems will eventually develop. The severity of the problem varies depending 
on which eonneetion remains open and the size of the opening. Treatment 
may involve surgical closure of the foramen ovale, the ductus arteriosus, or 
both. Other forms of eongenital heart defeets result from abnormal eardiae 
development or inappropriate eonneetions between the heart and major arter- 
ies and veins. 


22.7 CONCEPT CHECK 

14 What ehanges occur in the heart and major vessels of 
w a nevvborn at birth? 

See the blue Ansvvers tab at the baek of the book. 

22.8 Aging and the Cardiovascular 

System 

► KEY POINT Age-related ehanges occur in the eomposition of the blood and 
in the anatomy and functioning of the heart and blood vessels. 

The eapabilities of the cardiovascular system gradually deeline with age. As you 
age, your cardiovascular system undergoes major ehanges, as outlined below: 

■ Age-related ehanges in the blood often include (1) deereased hematoerit, 

(2) eonstrietion or bloekage of peripheral veins by a thrombus (stationary 
blood elot), which ean beeome detaehed, pass through the heart, and beeome 
wedged in a small artery (eommonly the lungs), causing a pulmonary 
embolism, and (3) pooling of blood in the veins of the legs because valves 
work less effieiently. 

■ Age-related anatomieal ehanges in the heart include (1) a reduction in the 
maximum eardiae output, (2) deereased elastieity of the eardiae skeleton, 

(3) progressive atheroselerosis that ean restriet eoronary circulation, 

(4) replaeement of damaged eardiae muscle eells by sear tissue, and (5) 
ehanges in the aetivities of paeemaker and conducting eells. 

■ Age-related ehanges in blood vessels, some of which are related to arterio- 
selerosis, include (1) deereased elastieity of arteries and veins; (2) walls of 
arteries beeoming less tolerant of sudden inereases in pressure, which ean 
lead to an aneurysm (an enlarged blood vessel), which may cause a stroke, 
heart attaek, or massive blood loss, depending on the vessel involved; 
(3) calcium salts depositing onto weakened vascular walls, inereasing the 
risk of a stroke or heart attaek; and (4) thrombi forming at atheroselerotie 
plaques. 



CONCEPT CHECK 

15 Why is a reduction in elastieity of the arteries vvith 
age dangerous? 


See the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y SIIMMARY 

For a summary of the development of the cardiovascular system, see Chapter 28 
(Embryology and Human Development). 
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Study Outline 


Entroduction p. 568 

The cardiovascular system is a elosed system with two circulatory 
patterns: a pulmonary circuit and a systemie circuit. 

Blood flows through a network of arteries, veins # and eapillaries. 


22.4 The Pulmonary Circuit p. 576 

The arteries of the pulmonary circuit earry oxygen-poor blood. The 
pulmonary circuit includes the pulmonary trunk, the left and 
right pulmonary arteries, and the pulmonary veins, which 
empty into the left atrium. fSee Figure 22.7.) 


22.1 Histologieal Organization of Blood 

Vessels p. 568 

The walls of arteries and veins eontain three layers: the intima 
(tunica intima) (the innermost layer) # the media ( tunica media) 

(the middle layer) # and the adventitia ( tunic externa) (the 
eonneetive tissue sheath around the vessel). (See Spotlight 
Figure 22.1.) 

Distinguishiiig Arteries from Veins p. 568 

ln general # the walls of arteries are thieker than those of veins. 

The endothelial lining of an artery eannot contract # so it appears 
as folds. Arteries eonstriet when blood pressure does not distend 
them; veins eonstriet very little. fSee Spotlight Figure 22.1.) 

Arteries p. 568 

The arterial system includes the large elastie arteries, muscular 
(medium-sized) arteries, and smaller arterioles. fSee Spotlight 
Figure 22.1.) 

Gapìllaries p. 569 

Capillaries are the smallest blood vessels and the only blood vessels 
whose walls permit exchange between blood and interstitial fluid. 
Capillaries may be continuous (the endothelium is a eomplete 
lining) or fenestrated (the endothelium eontains "windows"). 
Sinusoids are speeialized fenestrated eapillaries found in seleeted 
tissues (such as the liver) that allow very slow blood flow. 

(See Spotlight Figure 22.1 and Figure 22.2.) 

eapillary Beds p. 572 

Capillaries form intereonneeted networks ealled eapillary beds. 

A metarteriole adjusts the blood flow into eaeh eapillary. 
Thoroughfare ehannels provide the means of arteriole-venule 
eomrrmnieation. (See Figure 22.3.) 

Veins p. 572 

Veins eolleet oxygen-poor blood from the tissues and organs and 
return it to the heart. The venous system eonsists of venules # 
medium-sized veins, and large veins. The arterial system is a 
high-pressure system; blood pressure in veins is much lower. Valves 
in veins prevent the backflow of blood. (See Spotlight Figure 22.1 
and Figure 22.4.) 

22.2 The Distribiition of Blood p. 574 

While the heart # arteries # and eapillaries usually eontain about 
30-35 pereent of the blood volume # most of the blood volume is in 
the venous system (65-70 pereent). (See Figure 22.5.) 

22.3 Blood Vessel Distribution p. 575 


22.5 Systemie Arteries p. 576 

The systemie circuit begins at the aortie valve and ends at the 
entranee to the right atrium. It supplies the eapillary beds in 
all parts of the body not supplied by the pulmonary circuit. 
(See Figure 22.8.) 


TheAorta p. 579 

The aseending aorta gives rise to the eoronary circulation. 

The aortie areh continues as the deseending aorta. Three large 
arteries arise from the aortie areh to eolleetively supply the head # 
neck # shoulder # and upper limbs: the braehioeephalie trunk, the 
left eommon earotid artery, and the left subclavian artery. 

(See Figures 22.8-22.17.) 

The braehioeephalie trunk gives rise to the right subclavian 
artery and the right eommon earotid artery. These arteries 
supply the right upper limb and portions of the right shoulder # 
neck # and head. (See Figures 22.10-22.12.) 

Eaeh subclavian artery exits the thoraeie eavity to beeome the 
axillary artery # which enters the arm to beeome the braehial 
artery. The braehial arteries and their branehes supply blood to 
the upper limbs. (See Figure 22.10.) 


Eaeh eommon earotid artery divides into an external earotid 
artery and an internal earotid artery. The external earotids and 
their branehes supply blood to structures in the neek and faee. 

The internal earotids and their branehes enter the skull to supply 
blood to the brain and eyes. The brain also reeeives blood from the 
vertebral arteries. The vertebral arteries and the internal earotids 
form the eerebral arterial eirele (or eirele of VVillis), which ensures 
the blood supply to the brain. (See Figures 22.11-22.13.) 
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The Deseending Aorta p. 585 

The deseending aorta superior to the diaphragm is termed the 
thoraeie aorta and that inferior to it the abdominal aorta. The 
thoraeie aorta and its branehes supply blood to the thorax and 
thoraeie viseera. The abdominal aorta and its branehes supply 
blood to the abdominal wall # abdominal viscera # pelvie structures # 
and lower limbs. The three unpaired arteries are the eeliae trunk # 
the superior mesenterie artery, and the inferior mesenterie 
artery. The eeliae trunk divides into the left gastrie artery # the 
eommon hepatie artery # and the splenie artery. Paired arteries 
include the adrenal arteries, the renal arteries, the lumbar 
arteries, and the gonadal arteries. (See Figures 22.8-22.16.) 

Arteries in the neek and limbs are deep beneath the skin; in 
eontrast, there are usually two sets of peripheral veins—one 
superficial and one deep. This dual venous drainage is important 
for eontrolling body temperature. (See Figures 22.8 and 22.18.) 


The blood vessels of the body ean be divided into those of the 
pulmonary circuit (between the heart and lungs) and the 
systemie circuit (from the heart to all organs and tissues). (See 
Figure 22.6.) 


Arteries of the pelvis and lower limbs include the right and left 

eommon iliae arteries, which braneh to form the external and 
internal iliae arteries. The femoral and deep femoral arteries 

supply the lower limb. (See Figure 22.16.) 
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22.6 Systemie Veins p. 590 

Veins eolleet blood from the body # s tissues and organs in an 
elaborate venous netvvork that drains into the right atrium 
of the heart through the superior and inferior venae eavae. 
fSee Figure 22.18.) 

The Superior Vena Cava p. 590 

The siiperior vena eava reeeives blood from the head f neck f 
chest f shoulders f and upper limbs. ("See Figures 22.18-22.20.) 

The Inferíor Vena Cava p. 594 

The inferior vena eava eolleets most of the venous blood from 
organs and structures inferior to the diaphragm that are not 
drained by the hepatie portal vein. fSee Figures 22.20-22.22.) 

Any blood vessel eonneeting two eapillary beds is ealled a portal 
vessel f and the network of blood vessels eomprises a portal system. 
Blood leaving the eapillaries supplied by the eeliae trunk f superior f 
and inferior mesenterie arteries flows into the hepatie portal 
system. Blood in the hepatie portal system is unique eompared to 
that of the other systemie veins because portal blood eontains high 
eoneentrations of nutrients. These substances are eolleeted from the 
digestive organs through the vessels of the portal system and are 
transported direetly to the liver for proeessing. fSee Figure 22.22.) 


22.7 Cardiovascular ehanges at Birth p. 596 

During fetal development, the iimbilieal arteries earry blood to 
the plaeenta. It returns via the iimbilieal vein and enters a network 
of vascular sinuses in the liver. The ductus venosus eolleets this 
blood and returns it to the inferior vena eava. fSee Figure 22.23 and 
Development ofthe Cardiovascular System in ehapter 28.) 

At this time f the interatrial septum is ineomplete and the foramen 
ovale allows the passage of blood from the right atrium to the 
left atrium. The ductus arteriosus also permits the flow of blood 
between the pulmonary trunk and the aortie areh. At birth or 
shortly thereafter, as the pulmonary circuit beeomes functional f 
these eonneetions normally close f forming a depression ealled the 
fossa ovalis, where the foramen ovale was f and the ligamentum 
arteriosum f where the ductus arteriosus used to be. fSee Figure 
22.23 and Development ofthe Cardiovascular System in ehapter 28.) 

22.8 Aging and the Cardiovascular System p. 598 

Age-related ehanges occur in the blood f heart f and blood vessels. 
Blood ehanges include inereased risk of thrombus (stationary 
blood elot). 

Age-related ehanges in blood vessels are often related to 
arterioselerosis. inelastie arterial walls may lead to an aneurysm. 
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ehapter Review 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. elastie arteries. _ 

2. thrombus. 

3. eollaterals . _ 

4. renal veins. == 

5. external iliae arteries. _ 

6. alveoli.. _ 

7. earotid arteries. _ 

8. subclavian arteries . _ 

9. eapillary bed. _ 

10. muscular arteries. . 

(a) deliver blood to the head 

(b) transport blood to the body's skeletal 
muscles and internal organs 

(e) arteries whose smooth rrmseles do not 
eontraet 

(d) stationary blood elot 

(e) network of eapillaries 

(f) arteries that supply a eapillary network 

(g) supply blood to the upper limbs 

(h) small air saes 

(i) supply blood to the lower limbs 

(j) eolleet blood from the kidneys 


11. Identify the major arteries in the diagram 
below. 



12. Identify the major veins in the diagram 
below. 
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13. Compared with arteries, veins 

(a) are more elastie. 

(b) have thinner walls. 

(e) have more smooth muscle in their media. 

(d) have a pleated endothelium. 

14. CapiIlaries that have a eomplete lining are 
ealled 

(a) continuous eapillaries. 

(b) fenestrated eapillaries. 

(e) sinusoidal eapillaries. 

(d) sinusoids. 

15. The only blood vessels whose walls permit 
exchange between the blood and the 
surrounding interstitial fIuids are the 

(a) arteries. 

(b) arterioles. 

(e) veins. 

(d) eapillaries. 

16. Blood flow through the eapillaries is 
regulated by the 

(a) arterial anastomosis. 

(b) thoroughfare ehannel. 

(e) vasa vasorum. 

(d) metarteriole. 

Level 2 Reviewing Concepts 

1. A major differenee between the arterial and 
venous systems is that 

(a) arteries are usually more superfieiaI than 
veins. 

(b) in the limbs there is dual venous drainage. 

(e) veins are usually less branehed than the 
arteries. 

(d) veins exhibit a more orderly pattern of 
branehing in the limbs. 


2. You would expect to find fenestrated 
eapillaries in 

(a) the ehoroid plexus. 

(b) skeletal muscles. 

(e) eardiae muscle. 

(d) the spleen. 

3. Why does the endothelial lining of a 
eonstrieted artery appear to have pleats? 

(a) Spaees between the endothelial eells 
allow the lining to sag when the artery is 
eonstrieted. 

(b) The endothelial lining eannot eontraet, 
so it is folded in pleats when the artery 
eontraets. 

(e) The expansion regions of the artery are 
folded when the artery eonstriets. 

(d) The vasa vasorum eontraet irregularly. 

(e) None of the above is eorreet. 

4. What are some examples of elastie arteries? 

5. Where are sinusoids found? 

6. What are arteriovenous anastomoses? 

7. What are the functions of venous valves in 
the limbs? 

8. What three elastie arteries originate along 
the aortie areh? 

9. From which regions of the body does the 
superior vena eava reeeive blood? 

10. What is the function of the foramen ovale in 
a fetal heart? 


Level 3 Critical Thinking 

1. Why ean it be dangerous for a person to 
squeeze pimples in the upper nasal and 
eyebrow region? 

2. John loves to soak in hot tubs and 
whirlpools. One day he deeides to raise the 
temperature in his hot tub as high as it wi11 
go. After a few minutes in the water 7 he 
feels faint, passes out, and nearly drowns. 
Luckily 7 he is saved by a bystander. Explain 
what happened. 

3. Millie's grandfather suffers from eongestive 
heart failure. When she visits him # she 
notiees that his ankles and feet appear 
swollen. She asks you why this occurs. What 
would you tell her? 




CLINICAL CASE | WRAP-UP 


ln the Absenee of Capillaries 


Rodrigo has an arteriovenous malformation (AVM) of his left 
middle eerebral artery. An AVM is a tangle of abnormal blood 
vessels eonneeting arteries and veins with no eapillary bed between 
them. Because a braneh of his left middle eerebral artery eonneets 
direetly to a small # thin-walled vein # blood flows quiekly and direetly 
from the artery to the vein # never slowing enough to supply the 
surrounding tissues with oxygen. This deprives his left primary 
motor cortex (preeentral gyrus) and primary somatosensory cortex 
(posteentral gyrus) of blood # causing numbness and weakness in 
his right hand. The higher arterial pressure forees blood direetly 
into the lower pressure # thin-walled veins # causing them to rupture 
and leading to a hemorrhagie stroke (brain bleed). This caused his 
sudden seizure. 

Rodrigo was likely born with this blood vessel "mistake" that 
began during fetal development. His AVM has grown into a large 
tangle of abnormal blood vessels that presses on brain tissue. 

The good news? Rodrigo's arteriovenous malformation ean be 
eorreeted with open surgery (an ineision to repair the aneurysm) # 
endovascular embolization (a procedure that cuts off blood supply to 
a particular region) # or radiation therapy to eliminate this tangle of 
vessels before it causes more trouble. 



1. Can water # gases # or wastes be exchanged between the blood and inter- 
stitial fluids anywhere within the arteriovenous malformation? Explain. 

2. Can arteriovenous malformations form in other parts of the body 
besides the brain? Explain. 

See the blue Ansvvers tab at the baek of the book. 
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Related Ginieal Terms 


angiogram: An x-ray of a blood vessel that 
beeomes visible due to a prior injeetion of 
dye into the sobjeet's bloodstream. 

earotid sinus massage: A procedure 
that involves rubbing the large part of 
the arterial wall at the point where the 
eommon earotid artery divides into its two 
main branehes. 

deep vein thrombosis (DVT): A blood elot in 
a major vein, usually in the legs. They often 
occur after extended periods of inaetivity, 
such as long airplane flights. The elot ean 
break free and travel as an embolus to the 
lungs 7 where it ean cause respiratory distress 
or failure. 

intermittent claudication: A limp that 
results from eramping leg pain that is 
typieally caused by obstruction of the 
arteries. 

normotensive: Having normal blood pressure. 


orthostatie hypotension: A form of low 
blood pressure that occurs when you stand 
up from sitting or lying down. It ean cause 
dizziness or a light-headed feeling. 

phlebitis: Inflammation of a vein. 

Raynaud's phenomenon: Aeondition resulting 
in the diseoloration of the fingers and/or the 
toes when a person is subjected to ehanges in 
temperature or to emotional stress. 

selerotherapy: The treatment of varieose 
veins in which an irritant is injeeted to cause 
inflammation, coagulation of blood # and a 
narrowing of the blood vessel wall. 

sounds of Korotkoff: Distinetive sounds # 
caused by turbulent arterial blood flow # 
heard through the stethoseope while 
measuring blood pressure. 

sphygmomanometer: A deviee that 

measures blood pressure using an inflatable 
cuff plaeed around a limb. 
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syneope: A temporary loss of consciousness 
due to a sudden drop in blood pressure. 

thrill: A vibration felt in a blood vessel that 
usually occurs due to abnormal blood flow. 
It is also often notieed at the fistula of a 
hemodialysis patient. 

thrombophlebitis: An inflammation in a 
vein assoeiated with the formation of a 
thrombus (elot). 

vascular murmur: Periodie abnormal sounds 
heard upon auscultation that are produced 
as a result of turbulent blood flow. 

white eoat hypertension: A short-term 
inerease in blood pressure triggered by the 
sight of medieal personnel in white eoats or 
other medieal attire. 
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Outco 


These learning outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 






23 . 



23 . 



23.4 


23.5 


23.6 



23.7 



List the major functions of the lymphatie 
system. p. 604 

Compare and eontrast a lymphatie eapillary and 
a vascular eapillary. p. 605 

Compare and eontrast the thoraeie duct and 
the right lymphatie duct. p. 606 

Compare and eontrast the different elasses of 
lymphoeytes. p. 607 

Define the term "lymphatie nodule" and give 
two examples of where lymphatie nodules are 
found within the body. p. 610 

Compare and eontrast the anatomieal structure 
of a lymph node to that of the thymus and 
spleen. p. 612 

Deseribe the effeets of aging on the lymphatie 
system and immune surveillance. p. 619 
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eLl N Ie AL CAS E 


Fighting a Zoonotie Disease 

Graee, a young medieal student from eentral Afriea, watched her brother die 
of Ebola virus disease after he had caught prepared, and eaten some large 
fruit bats. Now 7 10 days after her brother died # Graee is burning with fever 
and has a severe headaehe, weakness # fatigue # and muscle pain to the point 
that she ean barely move. She is vomiting and has bloody diarrhea; her nose 
and gums are also bleeding. 

Ebola virus disease is transmitted to people from wild animals. Diseases 
such as this # in which an infeetion is spread between humans and animals # 
are ealled zoonotie diseases. Graee is very ill # and as of yet # there are no Ebola 
vaeeines. However # there are several immunological and drug therapies under 
development. 

Will Graee survive the Ebola virus disease when only supportive eare is 
available? To find out, turn to the dinieal Case Wrap-Up on p. 622. 
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THE WORLD IS NOT ALWAYS KIND to the human body. Injuries and patho- 
gens (disease-causing agents) have the potential to cause us great harm. 
Remaining alive and healthy involves the massive, eombined effort of many 
different organs and systems. The lymphatie system plays the primary role in 
this ongoing stmggle. 

In this ehapter we deseribe the anatomieal organization of the lym- 
phatie system and how it interaets with other systems and tissues to defend 
the body. 


23.1 An Overview of the 

Lymphatie System 

► KEY POINT The lymphatie system, functionally part of the circulatory and im- 
mune systems, is eomposed of lymphatie tissue, lymphatie organs, and lymphatie 
vessels. Lymphatie vessels transport lymph. 

The lymphatie system, or lymphoid system,* which is functionally part of the 
circulatory and immune systems, has several eomponents Figure 23.1 . It 
monitors and transports the fluid eonneetive tissue ealled lymph. tD pp. 61, 65 
The vessels earrying lymph are ealled lymphatie vessels, and the eells suspended 
within the lymph (and blood) are lymphoeytes. Speeialized lymphatie tissues 
and lymphatie organs adjust the eomposition of lymph and produce lympho- 
eytes of various kinds. 

Lymphatie vessels originate in peripheral tissues and deliver lymph to the 
venous system. Lymph eonsists of (1) interstitial fluid that resembles blood 
plasma but has a lower eoneentration of proteins, (2) lymphoeytes, which are 
the eells responsible for the immune response, and (3) maerophages, which are 
phagoeytie eells of various types. t) pp. 61, 62 Lymphatie vessels often begin 
within or pass through lymphatie tissues and lymphatie organs, structures that 
eontain a large number of lymphoeytes, maerophages, and (in many eases) lym- 
phatie stem eells. 


Functions of the Lymphatie System 

► KEY POINT The lymphatie system produces, maintains, and distributes lym- 
phoeytes; maintains blood volume and eomposition; and provides an alternate 
route for hormones, nutrients, and wastes. 



The lymphatie system has the following functions: 

■ Produces, maintains, and distributes lymphoeytes: Lymphoeytes are 
essential to the normal defense meehanisms of the body. They are pro- 
duced and stored within lymphatie organs, such as the spleen, thymus, 
and red bone marrow. Lymphatie tissues and organs are elassified as 
either primary or seeondary. Primary lymphatie structures are sites 
where lymphoeytes are produced and mature. They include the red bone 
marrow and the adult thymus. Seeondary lymphatie structures are 
sites where lymphoeytes are aetivated to produce additional lymphoeytes 
of the same type. For example, aetivated B eells divide within a seeond- 
ary lymphatie structure to produce the additional B eells needed to fight 
off an infeetion. Seeondary lymphatie structures are loeated at “the front 
lines,” where invading pathogens are first encountered. Examples include 
tonsils and lymph nodes. 


■ Maintains normal blood volume and eliminates loeal variations in the 
ehemieal eomposition of the interstitial fluid: The blood pressure at 
the proximal end of a systemie eapillary is approximately 35 mm Hg. 
The blood pressure within every systemie eapillary forees water and solutes 


*The terms “lymphatie” and “lymphoid” have long been used interehangeably, and this synonymy 
is refleeted in the terms endorsed by the Terminologia Anatomiea and Terminologia Histologiea. 


Figiire 23.1 Lymphatie System. An overvievv of the arrangement of 
lymphatie vessels, lymph nodes, and lymphatie organs. 
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out of the plasma and into the interstitial fluid ígure 23.2 . Although 
the net movement of fluid from plasma into interstitial fluid at any one 
eapillary is small, the total volume is substantial. Approximately 3.6 L, 
or 72 pereent of our total blood volume, enters the interstitial fluid eaeh 
day. Under normal circumstances this movement goes unnoticed because 
the lymphatie vessels return an equal volume of interstitial fluid baek 
into the bloodstream. As a result, there is a eonstant movement of fluid 
from the bloodstream into the tissues and then baek to the bloodstream 
through the lymphatie vessels. This circulation of fluid eliminates regional 
differenees in the eomposition of interstitial fluid. Because so much fluid 
moves through the lymphatie system eaeh day, a break in a major lymphatie 
vessel ean cause a rapid and potentially fatal deerease in blood volume. 
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■ Provides an alternate route for transporting hormones, nutrients, and 
wastes: Hormones, nutrients, and wastes are distributed from their tissues 
of origin to the general circulation. For example, lipids absorbed by the 
digestive traet are earried to the bloodstream by lymphatie vessels rather 
than by absorption aeross eapillary walls. 

23.1 CONCEPT CHECK 

1 What are the main functions of the lymphatie system? 

2 Would the rupture of a major lymphatie vessel be 
fatal? Why or why not? 

See the blue Ansvvers tab at the baek of the book. 

23.2 Striietiire of Lymphatie Vessels 

► KEY POINT Lymphatie eapillaries are the smallest lymphatie vessels. As lymph 
moves from peripheral tissues tovvard the heart, the diameter of lymphatie ves- 
sels inereases. 

The blood vessels of the cardiovascular system form a eomplete circuit, begin- 
ning and ending at the heart. However, lymphatie vessels (or lymphaties ) earry 
lymph only from peripheral tissues to the venous system. As with blood vessels, 


the lymphatie vessels range in size from small-diameter lymphatie eapillaries to 
large-diameter eolleeting vessels. 

Lymphatie Capillaries 

► KEY POINT The anatomy of lymphatie eapillaries is signifieantly different 
from the anatomy of vascular, or blood, eapillaries, and lymphatie eapillaries are 
more permeable. 

The lymphatie network, which branehes through peripheral tissues, begins with 
elosed tubes ealled lymphatie eapillaries. Lymphatie eapillaries differ from 
vascular eapillaries in several ways: 

o Lymphatie eapillaries have larger luminal diameters. 

o They have thinner walls, and their endothelial eells laek a continuous basal 
lamina. 

o They have a flat or irregular outline. 

o They have collagenous anehoring filaments that extend from the 
ineomplete basal lamina to the surrounding eonneetive tissue. 
These filaments help keep the passageways open when interstitial 
pressure inereases. 

o They have greater permeability because their endothelial eells overlap 
instead of being tightly bound to one another Figure 23.2 . 


Figure 23.2 Lymphatie Capillaries. Lymphatie eapillaries are elose-ended vessels that begin in areas 
of loose eonneetive tissue. 
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Seetional view through a cluster of lymphatie eapillaries. 
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The endothelial eells of a lymphatie eapillary are not bound tightly 
together, but they do overlap. The region of overlap aets as a one-way valve. 
It permits fluids and solutes (including proteins) to enter, along with virnses, 
baeteria, and eell debris, but it prevents them from returning to the intercellu- 
lar spaees. Lymphatie eapillaries are present in most tissues. However, they are 
espeeially numerous in the eonneetive tissue deep to skin and mucous mem- 
branes and in the mucosa and submucosa of the digestive traet. Lymphatie eap- 
illaries in the small intestine, ealled laeteals, transport lipids absorbed by the 
digestive traet. Lymphatie eapillaries are absent in areas without a blood supply, 
such as the eornea of the eye. 

Larger Lymphatie Vessels 

► KEY POINT Like lymphatie eapillaries, lymphatie vessels differ histologieally 
from the veins of the systemie and pulmonary circuits. 


When a lymphatie vessel is eompressed or bloeked or its valves are damaged, 
lymph drainage slows or stops in the affeeted area. Fluid continues to leave the vas- 
cular, or blood, eapillaries in that region, but the lymphatie system is no longer able 
to remove it. As a result, the interstitial fluid volume and pressure gradually inerease. 
The affeeted tissues beeome swollen, causing a eondition ealled lymphedema. 

Lymphatie vessels are found in elose assoeiation with blood vessels gure 
23.3a,c). In living tissues, eharaeteristie eolor differenees are apparent. Arteries 
are usually bright red, veins dark red, and lymphaties a pale golden eolor. 



CONCEPT CHECK 

3 You are looking through a mieroseope at a eross 
seetion of two eapillaries. The first eapillary has a 
thinner wall and a larger lumen than the seeond. 
Which eapillary is probably a lymphatie eapillary? 


Lymph flows from the lymphatie eapillaries into larger lymphatie vessels that 
lead toward the trunk. Lymphatie vessels differ histologieally from veins in that 
(1) their walls are thinner; (2) they have wider lumens; and (3) there are no 
elear boundaries between their three layers. 

Small to medium-sized lymphatie vessels, like veins, have internal valves. 
The valves are elose together, and at eaeh valve the lymphatie vessel bulges 
notieeably. This gives these vessels a beaded appearanee gure 23.3 . As in 
the venous system, the valves within lymphatie vessels prevent the backflow 
of lymph, espeeially in the limbs. Pressure within the lymphatie system is very 
low, and the valves are essential to maintaining normal lymph flow toward 
the thoraeie eavity. Skeletal muscle eontraetions help move lymph through the 
lymphatie vessels. 


See the blue Ansvvers tab at the baek of the book. 

23.3 Major Lymph-Collecting Vessels 

► KEY POINT The superficial and deep lymphaties eonverge to form lymphatie 
trunks. These trunks unite to form two large lymphatie ducts, which drain into 
the venous circulation. 

The superficial lymphaties and deep lymphaties eolleet lymph from lymphatie 
eapillaries. Superficial lymphaties anastomose freely and are more numerous 
than superficial veins. They travel adjaeent to superficial veins and are found in 
the following loeations: 


Figure 23.3 Lymphatie Vessels and Valves. Valves in lymphatie vessels prevent backflow of lymph. 
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■ The subcutaneous layer deep to the skin 

■ The loose eonneetive tissues of the mucous membranes lining the diges- 
tive, respiratory, urinary, and reproductive traets 

■ The loose eonneetive tissues of the serous membranes lining the pleural, 
perieardial, and peritoneal eavities 

Deep lymphaties are large lymphatie vessels aeeompanying the deep 
arteries and veins. Deep lymphaties eolleet lymph from skeletal muscles and 
other organs of the neek, limbs, and trunk, as well as viseeral organs in the 
thoraeie and abdominopelvie eavities. 

The superficial and deep lymphaties eonverge to form larger vessels ealled 
lymphatie trunks. The lymphatie trnnks are the (1) lumbar trnnks, (2) intes- 
tinal trnnks, (3) bronehomediastinal trnnks, (4) subclavian trnnks, and 
(5) jugular trnnks. The lymphatie trnnks empty into two large eolleeting ves- 
sels, the thoraeie duct and the right lymphatie duct. These ducts drain into the 
venous circulation Figures 23.4 and 3.5 . 

The Thoraeie Duct 

► KEY POINT The thoraeie duct and its tributaries eolleet lymph from the ab- 
domen, pelvis, lovver limbs, left side of the head, neek, and thoraeie eavity. The 
thoraeie duct drains into the left subclavian vein. 

The thoraeie duct eolleets lymph from both sides of the body inferior to the 
diaphragm and from the left side of the body superior to the diaphragm. The 
thoraeie duct begins as the eisterna ehyli (KÍ-le), an expanded saelike eham- 
ber gures 23.4 and 3.5a’ . The eisterna ehyli begins inferior to the dia- 
phragm at the level of vertebra L 2 . Here the deep lumbar and intestinal trnnks 
eome together to form a singular lymphatie vessel that lies anterior to the 


Figure 23.4 Major Lymphatie Vessels of the Trunk. Anterior view of a 
disseetion of the thoraeie duct and adjaeent blood vessels. The thoraeie 
and abdominopelvie organs have been removed. 



Thoraeie aorta 


Thoraeie duct 


Azygos vein 


Pleura 


Cut edge of 
diaphragm (removed) 


First lumbar vertebra 


Left kidney 


eisterna ehyl 


Abdominal aorta 


vertebral column, slightly to the right of midline. The eisterna ehyli reeeives 
lymph from the abdomen, pelvis, and lower limbs by way of the right and left 
lumbar trnnks and intestinal trunk. 

As the eisterna ehyli passes through the diaphragm with the aorta, at an 
opening known as the aortie hiatus, it beeomes the thoraeie duct. At the level of 
vertebra T 5 , the thoraeie duct shifts left, eoming to lie along the left side of the 
esophagus. The thoraeie duct aseends to the level of the left elaviele. It eolleets 
lymph from the left bronehomediastinal trunk, the left subclavian trunk, and 
the left jugular trunk. The thoraeie duct empties into the left subclavian vein 
near the left internal jugular vein Figures 23.4 and 3.5; . Lymph eolleeted 
from the left side of the head, neek, and thorax, as well as lymph from the entire 
body inferior to the diaphragm, re-enters the venous circulation in this way. 

The Right Lymphatie Diiet 

► KEY POINT The right lymphatie duct eolleets lymph from the right side of 
the thoraeie eavity. It drains into the venous system near the junction of the right 
internal jugular and right subclavian veins. 

The right lymphatie duct is quite small, and its anatomy varies from person to per- 
son. It eolleets lymph from the right side of the body superior to the diaphragm. The 
right lymphatie duct reeeives lymph from smaller lymphatie vessels that eonverge in 
the region of the right elaviele. This duct empties into the venous system at or near 
the junction of the right internal jugular and right subclavian veins igure 23.5 . 

23.3 CONCEPT CHECK 

4 List the five lymphatie trunks. 

5 List the areas drained by the thoraeie duct and the 
right lymphatie duct. 

See the blue Ansvvers tab at the baek of the book. 

23.4 Lymphoeytes 

► KEY POINT Lymphoeytes, the primary eells of the lymphatie system, are 
responsible for speeifie imrrmnity. 

Lymphoeytes are responsible for speeifie immunity. t) p. 536 They respond by a 
eombination of physieal and ehemieal attaek to (1) invading organisms, such as 
baeteria and virnses. (2) abnormal body eells, such as virus-infected eells or ean- 
eer eells, and (3) foreign proteins, such as the toxins released by some baeteria. 

Lymphoeytes travel throughout the body, circulating in the bloodstream 
and lymph. They exit the bloodstream and move through the interstitial spaee 
and peripheral tissues, eventually returning to the bloodstream through the 
lymphatie system. The time spent within the lymphatie system varies; a lym- 
phoeyte may remain within a lymphatie organ for hours, days, or even years. 
However, when a lymphoeyte encounters an invading pathogen or foreign pro- 
tein, it initiates an immune response. 

Types of Lymphoeytes 

► KEY POINT The three elasses of lymphoeytes (T eells, B eells, and NK eells) 
have distinetive bioehemieal and fimetional eharaeteristies. 

There are three elasses of lymphoeytes in the blood: T eells (thymus- 
dependent), B eells (bone marrow-derived), and NK eells (natural killer) 
(Spotlight Figure 23.6). These eells have few or no structural differenees. 
They are elassified based on their bioehemieal and functional eharaeteristies. 
Adaptive (speeifie) defenses result from the eoordinated aetivities of T eells 
and B eells, also known as T lymphoeytes and B lymphoeytes, respeetively. 
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Figure 23.5 Lymphatie Ducts and Lymphatie Drainage 
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The thoraeie duct eolleets lymph from tissues 
inferior to the diaphragm and from the left side of 
the upper body. The right lymphatie duct drains the 
right half of the body superior to the diaphragm. 



The eolleeting system of lymph vessels, lymph nodes, and 
major lymphatie eolleeting ducts and their relationship to 
the braehioeephalie veins. 
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T Cells 

Approximately 80 pereent of circulating lymphoeytes are T eells. T eells origi- 
nate within the red bone marrow. However, they must migrate to the thymus to 
beeome aetivated, or immunocompetent. Under proper stimulation, T eells dif- 
ferentiate into several types of eells, which attaek antigens (foreign substances) 
and help to inerease the immune response. T eell types include cytotoxic T eells, 
helper T eells, regulatory T eells, and memory T eells. 

Cytotoxic T eells are involved in direet cellular attaek and provide 
eell-mediated immunity. These eells enter peripheral tissues and attaek anti- 
gens physieally and ehemieally. Helper T eells stimulate the responses of both 
T eells and B eells. Helper T eells are important to the immune response because 
they must aetivate B eells before the B eells ean produce antibodies. Regulatory 
T eells are a subset of T eells that moderate the immune response. Memory T 
eells respond to antigens they have already encountered by eloning (producing 
identieal cellular eopies) more lymphoeytes to ward off the invader. If the same 
antigens eliminated in a primary response reappear, a rapid seeondary response 


is initiated by memory eells. The interplay between helper T eells and regula- 
tory T eells helps establish and eontrol the sensitivity of the imrrnme response. 
Other types of regulatory T eells also take part in the imrrnme response. For 
example, suppressor/inducer T eells suppress B eell aetivity but stimulate other 
T eells. 

B Cells 

B eells originate and beeome immunocompetent within the red bone marrow. 
They account for 10-15 pereent of circulating lymphoeytes. Aetivated B eells 
divide, producing daughter eells that differentiate into plasma eells ( plasmo- 
eytes ) and memory B eells. Plasma eells are responsible for producing and 
seereting antibodies. tD p. 536 

When an antibody binds an antigen, this triggers a ehain of events lead- 
ing to the destmetion, neutralization, or elimination of the antigen. Anti- 
bodies are also known as Ìmmunoglobulins (im-u-nò-GLOB-u-lins). B 
eells provide antibody-mediated immunity, a defense within body fluids. 
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SPOTLIGHT 


FIGIIRE 23.6 


Lymphoeyte Formation and Immiinity 


Lymphatie tissue formation, ealled lymphoeytopoiesis, involves the red 
bone marrow, thymus, and peripheral lymphatie tissues. Hematopoietie 
stem eells in the red bone marrow produce lymphatie stem eells with two 
distinet fates. 


Red Bone Marrovv 


One group of lymphatie stem eells remains in the bone marrovv, 
producing daughter eells that mature into NK (natural killer) eells and 

B eells under the influence of 
interleukin-7. 
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The seeond group of lymphatie 
stem eells migrates to the 
thymus, vvhere subsequent 
divisions produce daughter 
eells that mature into T eells 
under the influence of thymie 
hormones. 
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As they mature, B eells 
and NK eells enter the 
bloodstream and migrate 
to peripheral tissues. 


Mature T eells enter 
the bloodstream and 
migrate to the red bone 
marrovv, spleen, and other 
lymphatie tissues. 


Peripheral Tissues 


All three types 
of lymphoeytes 
circulate throughout 
the body, deteeting 
and responding to 
toxins and patho- 
gens that threaten 
homeostasis. Eaeh 
type of lymphoeyte 
makes a speeifie 
contribution to 
immunity. 
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Antibody-mediated immunity 

When stimulated, B eells 
differentiate into plasma eells 
( plasmoeytes ), which produce 
and seerete antibodies. These 
antibodies attaeh to pathogens, 
abnormal eells, or other speeifie 
targets. This attaehment starts a 
ehain reaetion that leads to the 
destmetion of the target. 




Beell 





Plasma eell 









Cell destroyed 


Antibodies 


Cell-mediated immunity 

One type of mature T eell, 
ealled cytotoxic T eells, 
play a role in eell-mediated 
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This type of immimity is also ealled humoral ( < Tiquid ,> ) immunity because 
antibodies are found in body fluids. Memory B eells perform the same role 
in antibody-mediated immunity that memory T eells perform in eell-mediated 
immunity. Memory B eells beeome aetivated only if the antigen appears again 
in the body at a later date. 

NK Cells 

The remaining 5-10 pereent of circulating lymphoeytes are natural killer 
eells, or NK eells. NK eells attaek foreign eells, normal eells infeeted with 
virnses, and eaneer eells that appear in normal tissues. The eonstant monitor- 
ing of peripheral tissues by NK eells and cytotoxic T eells is ealled immune 
surveillance. 


Lymphoeytes and the lmmune Response 

► KEY POINT The immune response destroys or inaetivates pathogens, abnor- 
mal eells, and foreign molecules such as toxins. The body has two different ways 
to do this: direet attaek by aetivated T eells and antibodies released by plasma 
eells derived from aetivated B eells. 



After an antigen appears, the first step in the imrmine response is often the 
phagoeytosis of the antigen by a maerophage. The maerophage then ineorpo- 
rates pieees of the antigen into its plasma membrane. This allows the maero- 
phage to “present” the antigen to T eells. The T eells respond to that particular 
antigen by the proeess of eell-mediated immunity. These lymphoeytes respond 
because their plasma membranes eontain reeeptors eapable of binding only to 
that speeifie antigen. When binding occurs, the T eells beeome aetivated and 
begin to divide. Some daughter eells differentiate into cytotoxic T eells, and oth- 
ers into helper T eells. The helper T eells aetivate B eells. Some helper T eells 
beeome memory T eells, which will differentiate further if they encounter this 
same antigen at a later date. 

Your immune system has no way of antieipating which antigens it will 
actually encounter. The strategy is to prepare for any antigen that might 
appear. During development, the differentiation of eells within the lym- 
phatie system produces an enormous number of lymphoeytes, eaeh with its 
own antigen sensitivities. Among the trillion or more lymphoeytes in the 
human body, there are millions of different lymphoeyte populations. Eaeh 
population eonsists of several thousand eells prepared to reeognize a speeifie 
antigen. 

A lymphoeyte beeomes aetivated when it binds an antigen. It then 
divides and produces more lymphoeytes sensitive to that particular anti- 
gen. Some of the lymphoeytes function immediately to eliminate the anti- 
gen, and others (the eells) will be ready if the antigen reappears at a later 
date. This immunocompetence provides an immediate defense and ensures 
an even more massive and rapid response if the antigen reappears in the 
body. 


Distribution and Life Span of Lymphoeytes 

► KEY POINT The distribution of lymphoeytes within the body varies. Lympho- 
eytes typieally live longer than any other cellular formed element in blood. 

The ratio of B eells to T eells varies, depending on the tissue or organ. For exam- 
ple, B eells are seldom found in the thymus, and T eells outnumber B eells in 
the blood by a ratio of 8:1. In the spleen this ratio ehanges to one B eell for 
every T eell. The ratio ehanges yet again to one B eell for every three T eells in 
the red bone marrow. 

The lymphoeytes within these organs are visitors, not residents. Lympho- 
eytes continually move throughout the body. They wander through a tissue and 
then enter a blood vessel or lymphatie vessel for transport to another site. For 


example, a wandering T eell spends about 30 minutes circulating in blood, then 
spends 15-20 hours within a lymph node. B eells move more slowly. A typi- 
eal B eell spends around 30 hours in a lymph node before moving to another 
loeation. 

In general, lymphoeytes have relatively long life spans, far longer than 
other formed elements in the blood. Roughly 80 pereent survive for 4 years, and 
some last 20 years or more. The proeess of lymphoeytopoiesis maintains normal 
lymphoeyte populations. 

Lymphoeytopoiesis: Lymphoeyte Production 

► KEY POINT Lymphoeytopoiesis occurs within the red bone marrow and 
thymus. One type of lymphatie stem eell remains within red bone marrow and 
produces NK eells and B eells, while the other type migrates to the thymus to 
ultimately produce T eells. 

Lymphoeytopoiesis (lim-fò-Sl-tò-poy-É-sis), the formation of lymphoeytes, 
occurs in the red bone marrow, thymus, and peripheral lymphatie tissue. 
Spotlight Figure 23.6 shows the relationships of these lymphatie tissues 
with respeet to lymphoeyte production, maturation, and distribution. 

As lymphoeytes migrate through peripheral tissues, they retain the abil- 
ity to divide. Lymphoeytie division produces daughter eells of the same type 
and with sensitivity to the same speeifie antigen. For example, a dividing B 
eell produces other B eells, not T eells or NK eells. This ability to inerease the 
number of lymphoeytes of a speeifie type is important for the success of the 
immune response. If that ability is eompromised, the individual is unable to 
mount an effeetive defense against infeetion and disease. For example, the 
disease AIDS (acquired immune defieieney syndrome) results from infeetion 
with a virus that seleetively destroys T eells. Individuals with AIDS are likely 
to be killed by baeterial or viral infeetions that would be overeome easily by a 
normal immune system. 



CONCEPT CHECK 

6 Which type of lymphoeyte is the most eommon? 

7 John beeomes infeeted with a pathogen. A few 
months later, while relatively healthy, he is exposed 
to the same pathogen. Will he definitely get siek 
again? Why or why not? 

8 Circulating lymphoeytes retain the ability to divide. 
Why is this important? 


See the blue Ansvvers tab at the baek of the book. 


23.5 Lymphatie Tissues 

► KEY POINT Lymphatie tissues include diffuse lymphatie tissue and lymphatie 

nodules. 

Lymphatie tissues are eonneetive tissues dominated by lymphoeytes. In 
diffuse lymphatie tissue, lymphoeytes are loosely aggregated within eonnee- 
tive tissue, such as the mucous membrane of the respiratory and urinary traets. 
Lymphatie nodules are aggregations of lymphoeytes eontained within a sup- 
porting framework of reticular eells and fibers. Lymphatie nodules are oval in 
shape and are often found within the wall of various segments of the diges- 
tive traet Fi ure 23.7a,b]. Because they laek a capsule, the boundaries of 
the nodules are indistinet. They have a pale, eentral zone, ealled a germinal 
eenter, which eontains aetivated, dividing lymphoeytes gure 23.7 . Lym- 
phatie nodules average 1 mm in diameter. 
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Figure 23.7 Histology of Lymphatie Tissues 
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Histologieal appearanee of lymphatie nodules in the small intestine 
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CLINICAL NOTE 


infeeted Lymphatie Nodules 

Tonsils are the first lymphatie nodules to encounter invading 
baeteria or vimses that enter through the mouth. Espeeially in ehil- 
dren, tonsils ean be overvvhelmed by infectious invasion, causing 
tonsillitis. Pharyngeal tonsils that beeome ehronieally infeeted ean form an 
abseess and beeome a source of infeetion themselves. This ean contribute 
to baeteria entering the bloodstream by passing through the lymphatie 
eapillaries and vessels to the venous system, causing baeteremia (baeteria in 
the bloodstream). ehronieally infeeted tonsils ean svvell, causing difficulty 
svvallovving or difficulty with breathing, particularly during sleep. 




In the early stages of tonsillitis, antibioties ean usually eontrol 
the infeetion. However 7 if a peritonsillar (around the tonsils) abseess 
forms, if difficuIty breathing or swallowing occurs # or if a ehild 
experiences more than five to seven episodes of tonsillitis per year, 
tonsilleetomy (surgical removal of the tonsils) is eonsidered. 

Tonsils are most aetive immunologically before puberty. After 
puberty # healthy tonsils atrophy and may disappear by late adulthood. 
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The eolleetion of lymphatie tissues within the epithelia of the digestive, 
respiratory, urinary, and reproductive systems is ealled the mucosa-associated 
lymphoid tissue (MALT) IFigure 23.7a,b). Large nodules in the wall of the 
pharynx are ealled tonsils igure 23.7c). The lymphoeytes within the tonsils 
gather and remove pathogens that are ingested in food or inspired in air. There 
are usually five tonsils: 

■ A single pharyngeal tonsil, often ealled the adenoid, loeated in the poste- 
rior superior wall of the nasopharynx 

■ A pair of palatine tonsils, loeated at the posterior, inferior margin of the 
oral eavity along the boundary of the pharynx to the soft palate 


23.6 Lymphatie Organs 

Lymphatie organs are separated from surrounding tissues by a fibrous eon- 
neetive tissue capsule. Lymphatie organs include the lymph nodes, thymus, 
and spleen. 

Lymph Nodes 

► KEY POINT Lymph nodes are small, oval lymphatie organs surrounded by a 
fibrous eonneetive tissue capsule. They are vvidely distributed throughout the 
body. 


■ A pair of lingual tonsils, which are not visible because they are loeated 
deep to the mucosa at the base of the tongue 

Clusters of lymphatie nodules in the mucosal lining of the small intestine 
are known as aggregated lymphoid nodules, or Peyer's patehes. In addition, the 
walls of the appendix, a tube-shaped pouch originating near the junction between 
the small and large intestines, eontain a mass of fused lymphoid nodules. 

The lymphoeytes within these lymphoid nodules are not always able to destroy 
baeterial or viral invaders that have erossed the epithelium of the digestive traet. An 
infeetion may then develop; familiar examples include tonsillitis and appendieitis. 



CONCEPT CHECK 

9 What is the name given to the clusters of lymphoid 
nodules found in the mucosal lining of the small 
intestine? 


5ee the blue Ansvvers tab at the baek of the book. 


A lymph node is approximately 1-25 mm in diameter. Lymph nodes are sur- 
rounded by a dense, fibrous eonneetive tissue capsule and are widely distributed 
throughout the body. Fibrous extensions from the capsule ealled trabeculae 
extend into the interior of the node gure 23.8' . 

Blood vessels and nerves enter and exit the lymph node at the hihrni 
(Figure 23.8' . Eaeh lymph node has both afferent lymphatie vessels and effer- 
ent lymphatie vessels. The afferent lymphatie vessels bring lymph to the node 
from peripheral tissues. The vessels penetrate the capsule on the side opposite 
the hilum. Lymph from the afferent lymphaties flows through the lymph node 
within a network of sinuses, open passageways with ineomplete walls. The lymph 
node interior is divided into an outer cortex, an inner medulla, and a region 
between the two ealled the paracortex. Lymph first enters a subcapsular spaee 
that eontains a meshwork of branehing reticular fibers, maerophages, and den- 
dritie eells. Dendritie eells are involved in starting an immune response. Lymph 
passes through the subcapsular spaee and then flows through the cortex of the 
node. The periphery of the cortex eontains B eells within germinal eenters similar 
to those of lymphoid nodules. 


Fi< ure 23.8 Stmetiire of a Lymph Node. Lymph nodes are eovered by a dense, fibrous # eonneetive 
tissue capsule. Lymphatie vessels and blood vessels penetrate the capsule to reaeh the lymphatie 
tissue vvithin. Note that there are several afferent lymphatie vessels and only one efferent vessel. 
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Lymph then continues through lymph sinuses toward an ill-defined area 
known as the paracortex, which is dominated by T eells. Here, lymphoeytes leave 
the bloodstream and enter the lymph node by erossing the walls of blood vessels. 

After flowing through the sinuses of the paracortex, lymph continues into 
the eore, or medulla. The medulla eontains B eells and maerophages. Elon- 
gated masses of dense lymphoid tissue between the sinuses in the medulla are 
known as mediillary eords. Lymph passes through a network of sinuses in the 
medulla and then enters the efferent lymphaties at the hilum. 

Lymph nodes function like water filters, filtering and purifying lymph 
before it reaehes the venous system. As lymph flows through a lymph node, 
99 pereent or more of the antigens present in the arriving lymph are removed. 
Fixed maerophages in the lymphatie sinuses engulf debris or pathogens in the 
lymph as it flows past. Antigens removed in this way are then proeessed and 
“presented” to nearby T eells. Other antigens stiek to reticular fibers or to the 
surfaces of dendritie eells, where they stimulate T eell aetivity. 

The largest lymph nodes are found where peripheral lymphaties eonneet 
with a lymphatie trunk, such as the base of the neek, the axillae, and the groin 
(Figures 23.1 and 23.5, p. 604 and 608, and Figures 23.9 to 23.11). These 
nodes are often ealled lymph glands. a Swollen glands” indieate inflammation or 
infeetion of peripheral structures. 


Distribution of Lymphatie Tissues and Lymph Nodes 

Lymphatie tissues and lymph nodes are distributed in areas susceptible 
to injury or invasion. If you wanted to proteet your house against intru- 
sion, you might guard all doors and windows and perhaps keep a big dog 
indoors. The distribution of lymphatie tissues and lymph nodes is based on 
a similar strategy: 

■ The eervieal lymph nodes filter lymph originating in the head and 
neek, including lymphatie vessels within the meninges of the brain 

(Figure 23.9). 

■ The axillary lymph nodes filter lymph arriving at the trunk from the 
upper limbs igure 23.10a]. In women, the axillary nodes also drain 
lymph from the mammary glands gure 23.1 Ob). 

■ The popliteal lymph nodes filter lymph arriving at the thigh from the 
leg, and the inguinal lymph nodes filter lymph arriving at the trunk 
from the lower limbs (Figure 23.11). 

■ The thoraeie lymph nodes filter lymph from the lungs, respiratory pas- 
sageways, and mediastinal structures gure 23.5, p. 608). 


Figure 23.9 Lymphatie Drainage of the Head and Neek. Position of the lymphatie vessels and 
nodes that drain the head and neek regions. 
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Figure 23.10 Lymphatie Drainage of the llpper Limb 
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CLINICAL NOTE 


HIV/AIDS 


Human lmmunodef íeieney Virus (HIV) is a retrovirus, or 
an RNA virus. It targets human helper T eells by binding to their 
sorfaee, invading the T eells # and taking over the host's replieation 
maehinery to make more eopies of itself. HIV ean destroy entire 
"families" of helper T eells knovvn as "cluster of differentiation 4," 
or CD4, eells. With no CD4 eells, the diseases that these families of 
helper T eells normally fight ean easily take over, causing opportu- 
nistie infeetions (diseases that occur because resistanee is lovvered). 

A normal CD4 eell count is 500-1,600 eells per cubic millimeter of 
blood. If the CD4 eell count falls belovv 200, the disease has pro- 
gressed to acquired immunodeficiency syndrome (AIDS). 

Llnlike most viruses, the human body ean never get rid of HIV 
eompletely, so onee infeeted, the person is infeeted for life. Several 
dasses of antiretroviral agents, eaeh aeting on a different stage of the 
HIV life eyele, are used to treat HIV. With good medieal eare and early 
treatment, HIV ean be eontrolled and progression to AIDS prevented. 
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Figure 23.11 Lymphatie Drainage of the Lower Limb 
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■ The abdominal lymph nodes filter lymph arriving from the iirinary and 
reproductive systems. 

■ The intestinal lymph nodes and the mesenterie lymph nodes filter 

lymph originating from the digestive traet igure 23.1 . 

The Thymiis 

► KEY POINT The thymus eontains developing T eells, reticular eells, and thymie 
corpuscles. 

The thymus lies posterior to the manubrium of the sternum in the superior 
portion of the mediastinum. The thymus reaehes its greatest size relative to 
body size in the first year or two after birth. However, it reaehes its maximum 
size during puberty, when it weighs between 30 and 40 g. After puberty the 
thymus gradually shrinks, and its functional eells are replaeed by fibrous eon- 
neetive tissue fibers and fat. This degenerative proeess is ealled involution of 
the thymus. 


The capsule eovering the thymus divides it into two thymie lobes 
(Figure 23.13a,b]. Fibrous septa extend inward from the capsule and divide the 
lobes into lobules gure 23.13b,c] . Eaeh lobule averages 2 mm in width and 
eonsists of a dense outer cortex and a diffuse and paler-staining eentral medulla. 

The cortex eontains rapidly dividing lymphatie stem eells. These stem eells 
produce daughter eells that mature into T eells and migrate into the medulla. 
During the maturation proeess, any T eells that are sensitive to normal tissue 
antigens are destroyed. VVhile they are within the thymus, the surviving T eells 
do not partieipate in the immune response; they remain inaetive until they enter 
the blood. The eapillaries of the thymus resemble those of the CNS in that they 
form a blood thymus barrier. The blood thymus barrier does not permit free 
exchange between the circulation and the interstitial fluid of the thymus; this 
prevents premature stimulation of the developing T eells by circulating antigens. 

Epithelial reticular eells are seattered among the lymphoeytes of the 
thymus. These eells produce thymie hormones that promote the differenti- 
ation of functional T eells. In the medulla, reticular eells cluster together in 
eoneentrie layers, forming distinetive structures known as thymie corpuscles 
(Figure 23.13d). The function of thymie corpuscles remains unknown. 


Figure 23.12 Lymph Nodes of the Large Intestine and Assoeiated Mesenteries 
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Figure 23.13 Anatomy and Histologieal Organization of the Thymus 
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Histology of the unusual structure of thymie 
corpuscles. The small eells in view are lymphoeytes 
in various stages of development. 



Histology of the thymus. Note the fibrous septa dividing the thymie 
tissue into lobules resembling intereonneeted lymphatie nodules. 



CLINICAL NOTE 


Lymphatie Vessels and Metastatie Cancer 


Cancer ean appear in lymph nodes in two ways: within the 
lymph nodes or by the lymphatie vessels and bloodstream. Cancer 
that starts in the lymph nodes it is ealled lymphoma. More often, 
eaneer starts somewhere else (primary tumor) and then spreads to 
lymph nodes. When eaneer eells break away from the primary tumor 7 
they travel through the bloodstream to the lymphatie system. Most of 
the eseaped eaneer eells die or are killed by NK eells before they ean 
start growing. However 7 one or two might settle in new areas and 
begin to grow 7 forming metastatie tumors. 


Cancers that often spread hematogenously (through the blood- 


stream) include hepatomas (primary livertumors) and sareomas 
(eonneetive tissue tumor). Cancers that tend to metastasize through 
the lymphatie system include eareinomas (eaneers derived from epithelial 
eells, ehiefly glandular or sgoamoos), such as breast and ovarian eaneer, 
and melanomas (malignant tumors derived from melanin-forming 
eells). Eventually # all lymph ends up in the venous system, so eaneers 
that start in the lymphatie system eventually travel through the blood. 
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The Spleen 

► KEY POINT The spleen removes damaged red blood eells, stores iron, and ini- 
tiates immune responses by B eells and T eells in response to antigens. The spleen 
eontains red pulp and vvhite pulp. 

The largest lymphatie organ in the body, the spleen, is aroimd 12 em (5 in.) 
long and weighs up to 160 g (5.6 oz). The spleen is loeated on the left side, 
along the lateral border of the stomaeh. It lies between the ninth and elev- 
enth ribs and is attaehed to the lateral border of the stomaeh by a pieee of 
mesentery, the gastrosplenie ligament gure 23.14a . 

On gross disseetion the spleen has a deep red eolor because it eontains a 
large amount of blood. The spleen performs functions for the blood similar to 
those performed by the lymph nodes for lymph, including (1) removing abnor- 
mal blood eells and other blood eomponents through phagoeytosis, (2) storing 
iron reeyeled from the breakdown of red blood eells, and (3) initiating immune 
responses by B eells and T eells in response to antigens in the circulating blood. 


Surfaces of the Spleen 

The spleen is soft, and its shape refleets the structures around it. It lies wedged 
between the stomaeh, the left kidney, and the muscular diaphragm. The 
diaphragmatie surface igure 23.14a) is smooth and convex and eonforms 
to the shape of the diaphragm and body wall. The inferior viseeral surface 
eontains indentations that follow the shapes of the stomaeh (the gastrie 
area) and left kidney (the renal area) igure 23.14b). The splenie artery, 
splenie vein, and lymphatie vessels draining the spleen enter and leave at the 
hilum (Figure 23.14b). 

H stology of the Spleen 

The spleen is surrounded by a capsule eontaining eollagen and elastie 
fibers. The cellular eomponents deep to the capsule make up the pulp of 
the spleen gure 23.14c). The red pulp forms splenie eords, which eon- 
tain large quantities of red blood eells. The white pulp forms lymphatie 
nodules. The splenie artery enters at the hilum and branehes to produce 


Figure 23.14 Anatomy and Histologieal Organization of the Spleen 
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The shape of the spleen roughly eonforms to the 
shapes of adjaeent organs. This transverse seetion 
through the trunk shows the typieal position of the 
spleen within the abdominopelvie eavity (inferior view). 
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External appearanee of the viseeral surface of the 
intaet spleen showing major anatomieal landmarks 
This view should be eompared with that of part (a). 
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Histologieal appearanee of the spleen. Areas of 
white pulp are dominated by lymphoeytes. Areas of 
red pulp eontain a large number of red blood eells. 
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CLINICAL NOTE 


Lymphoma 


Lymphoma is a group of blood eaneers that develop in the 
lymphatie system. Lymphoma begins when a rrmtation within a 
lymphoeyte in a lymph node or lymphoid tissue causes it to grow out 
of eontrol and produce abnormal daughter eells. These abnormal 
lymphoeytes accumulate in lymphatie tissues # crowding out 
normal lymphoeytes and impeding their function # and the function 
of the lymphatie system breaks down. 

There are two main types of lymphoma, Hodgkin lymphoma 
and non-Hodgkin lymphoma. Hodgkin lymphoma, named for the 
physieian who identified the disease, is a eaneer of the blood and bone 
marrow. About 10 pereent of lymphomas are this type. It is eharaeter- 
ized by an abnormal type of B eell ealled Reed-Sternberg eells and is 
assoeiated with Epstein-Barr virus infeetion. Hodgkin lymphoma affeets 
people in their 20s and people over 55, most eommonly in the llnited 
States, Canada # and northern Europe. It is rare in Asia. If one identieal 
twin has Hodgkin lymphoma # the other twin has a very high risk of 
developing it as well. Hodgkin lymphoma is very treatable # and most 
eases ean be cured. 



Non-Hodgkin lymphoma (NHL) is a diverse group that affeets 
the lymphatie system and in some eases involves the bone marrow 
and blood. About 90 pereent of lymphomas are non-Hodgkin lym- 
phomas. About 85 pereent of NHL eases affeet B eells. The remaining 
NHLs involve T eells and NK eells. It is deseribed as either indolent 
(slow-growing) or aggressive (fast-growing) and ean occur at any age # 
but it most often affeets people over age 60. Although the cause of 
NHL is unknown # eertain chemicals # including benzene # and nuclear 
radiation exposure have been implieated. This disease also develops in 
immunocompromised individuals. 

Symptoms of lymphoma include enlarged lymph nodes that do 
not resolve # unexplained weight loss # fever # night sweats # and unusual 
infeetions. 

Treatment of lymphoma depends on the type and stage (how far 
it has spread) of the disease. Chemotherapy # radiation therapy # and 
immunotherapy # using the body's own immune system to attaek eaneer 
cells # are used to treat lymphoma. If these fail # a stem eell transplant 
ean be eonsidered. 



a number of trabecular arteries radiating outward toward the capsule. 
These arteries braneh extensively, and their arteriolar branehes are sur- 
rounded by areas of white pulp. Capillaries diseharge blood into the venous 
sinuses of the red pulp. 

The eell population of the red pulp includes all the normal eomponents of 
circulating blood, plus fixed and free maerophages. A network of reticular fibers 
forms the structural framework of the red pulp. Blood passes through this net- 
work and enters large sinusoids, which are lined by fixed maerophages. The 
sinusoids empty into small veins that merge to form trabecular veins, which 
continue toward the hilum. 

This circulatory arrangement gives the phagoeytes of the spleen the oppor- 
tunity to identify and engulf damaged or infeeted eells in circulating blood. Mae- 
rophages are seattered throughout the red pulp, and the region surrounding the 
white pulp has a high eoneentration of lymphoeytes and dendritie eells. Thus, any 
mieroorganisms or antigens in the blood quickly trigger an immune response. 



CONCEPT CHECK 

10 What is important about the plaeement of lymph 
nodes? 

11 Why is there a blood thymus barrier in the eapillaries 
of the thymus? 

12 Why do lymph nodes often enlarge during an 
infeetion? 


See the blue Ansvvers tab at the baek of the book. 


23.7 Aging and the Lymphatie System 

► KEY POINT With advaneing age, the lymphatie system beeomes less effeetive 
at eombating disease. 


With advaneing age, T eells beeome less responsive to antigens. As a result, 
fewer cytotoxic T eells respond to an infeetion. The number of helper T eells also 
deelines, so B eells are less responsive and antibody levels do not rise as quickly 
after antigen exposure. Aging therefore inereases susceptibility to viral and bae- 
terial infeetions. For this reason, vaeeinations for acute viral diseases, such as 
flu (influenza), are strongly reeommended for older people. The inereased inei- 
denee of eaneer in elderly people refleets the faet that immune surveillance 
deelines, so tumor eells are not eliminated as effeetively. 



CONCEPT CHECK 

13 You have reeently retired, and at your annual 
physieal, your physieian urges you to get the flu 
vaeeine. Why? 


See the blue Ansvvers tab at the baek of the book. 


EMBRYOLOGY SIIMMARY 

For a summary of the development of the lymphatie system, see Chapter 28 
(Embryology and Human Development). 
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Study Outline 


lntroduction p.604 

The cells # tissues # and organs of the lymphatie system play a eentral 
role in the body's defenses against viruses # bacteria # and other 
mieroorganisms. 

23.1 An Overview of the Lymphatie System p. 604 

The lymphatie system includes a netvvork of lymphatie vessels 
that earry lymph (a fluid similar to plasma but with a lower 
eoneentration of proteins). A series of lymphatie organs and 
lymphatie tissues are intereonneeted by the lymphatie vessels. fSee 
Figares 23.1 and 23.2.) 

Frinetions of the Lymphatie System p. 604 

The lymphatie system produces # maintains # and distributes 
lymphoeytes (eells that attaek invading organisms # abnormal 
cells # and foreign proteins). It helps maintain blood volume and 
eliminate loeal variations in the eomposition of the interstitial 
fluid. Lymphatie structures ean be elassified as primary (eontaining 
stem eells) or seeondary (eontaining immature or aetivated 
lymphoeytes). 


23.2 Structure of Lymphatie Vessels p.605 

Lymphatie Capillaries p. 605 

Lymphatie vessels, or lymphaties, earry lymph from peripheral 
tissues to the venous system. Lymph flows along a network of 
lymphaties that originate in the lymphatie eapillaries. The 
endothelial eells of a lymphatie eapillary overlap to aet as a one- 
way valve # preventing fluid from returning to the intercellular 
spaees. (See Figure 23.2b.) 

Larger Lymphatie Vessels p. 606 

Lymphatie vessels eontain numerous internal valves to prevent 
backflow of lymph. fSee Figure 23.3.) 



23.3 Major Lymph-Collecting Vessels p. 606 

Two sets of lymphatie vessels eolleet blood from the lymphatie 
eapillaries: superficial lymphaties and deep lymphaties. 

The Thoraeie Duct p. 607 

The thoraeie duct eolleets lymph from both sides of the body 
inferior to the diaphragm and from the left side of the body 
superior to the diaphragm. (5ee Figures 23.4 and 23.5.) 


The Right Lymphatie Duct p. 607 

The right lymphatie duct eolleets lymph from the right side of 
the body superior to the diaphragm. (See Figures 23.4 and 23.5.) 


23.4 Lymphoeytes p.607 

Types of Lymphoeytes p. 607 

There are three elasses of lymphoeytes: T eells (thymus-dependent) # 
B eells (bone marrow-derived) # and NK eells (natural killer). (See 
Spotlight Figure 23.6.) 

Cytotoxic T eells attaek foreign eells or body eells infeeted by 
viruses; they provide eell-mediated immunity. Regulatory T 
eells are a subset of T eells that moderate the immune response. 


Memory T eells remain ## on reserve" to respond to antigens 
they have previously encountered. Helper T eells stimulate the 
responses of both T eells and B eells. fSee Spotlight Figure 23.6.) 

B eells ean differentiate into plasma cells # which produce and 
seerete antibodies (immunoglobulins) that reaet with speeifie 
ehemieal targets # or antigens. B eells are responsible for antibody- 
mediated immunity. Memory B eells are aetivated if the 
antigen appears again at a later date. (See Spotlight Figure 23.6.) 

Natural killer cells # or NK cells # attaek foreign cells # normal eells 
infeeted with viruses # and eaneer eells. They provide immune 
surveillance. (See Spotlight Figure 23.6.) 

Lymphoeytes and the lmmune Response p. 610 

The goal of the ìmirmne response is to destroy or inaetivate 
pathogens # abnormal cells # and foreign molecules such as toxins. 
Antigens are engulfed by macrophages # which then present the 
antigen to T eells so they ean begin differentiating. The millions 
of different lymphocytes # which retain the ability to divide # allow 
the body to be prepared for any antigen. The ability to reeognize 
antigens is ealled immunocompetence. 

Disfribiifion and Life Span of Lymphoeytes p. 610 

The ratio of B eells to T eells in organs and tissues varies 
continuously. Lymphoeytes have a relatively long life span. 

Lymphoeytopoiesis: Lymphoeyte Prodnetion p. 610 

Lymphoeytes continually migrate in and out of the blood through 
lymphatie tissues and organs. Lymphoeytopoiesis (lymphoeyte 
production) involves the red bone marrow # thymus # and peripheral 
lymphatie tissues. fSee Spotlight Figure 23.6.) 

23.5 Lymphatie Tissues p.6io 

Lymphatie tissues are eonneetive tissues dominated by 
lymphoeytes. In a lymphatie nodule # the lymphoeytes are densely 
paeked in an area of loose eonneetive tissue. Important lymphoid 
nodules are aggregated lymphoid nodules deep to the lining of 
the intestine # in the appendix # and the tonsils within the pharynx. 
(See Figure 23.7.) 


23.6 Lymphatie Organs p .612 

Important lymphatie organs include the lymph nodes # thymus # 
and spleen. (See Figures 23.1, 23.5, and 23.8-23.12.) 

Lymph Nodes p. 612 

Lymph nodes are encapsulated masses of lymphatie tissue. The 
paracortex is dominated by T eells; the cortex and medulla 
eontain B eells arranged into medullary eords. Lymph glands 
are the largest lymph nodes # found where peripheral lymphaties 
eonneet with the trunk. (See Figures 23.1, 23.5, and 23.8-23.12.) 

Lymphatie tissues and nodes are loeated in areas particularly 
susceptible to injury or invasion by mieroorganisms. 

The eervieal lymph nodes, axillary lymph nodes, popliteal 
lymph nodes, inguinal lymph nodes, thoraeie lymph nodes, 
abdominal lymph nodes, intestinal lymph nodes, and 
mesenterie lymph nodes proteet the vulnerable areas of the 
body. (See Figures 23.4, 23.5, and 23.9-23.12.) 
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TheThymiis p. 616 

The thymiis lies posterior to the manubrium # in the superior 
mediastinum. Epithelial reticular eells seattered among the 
lymphoeytes produce thymie hormones. These hormones promote 
the differentiation of T eells. The blood thymus barrier does 
not allow free exchange between the interstitial fluid and the 
circulation # proteeting the T eells from being prematurely aetivated. 
After puberty the thymus gradually deereases in size # a proeess 
ealled involution. (See Figure 23.13.) 

TheSpleen p. 618 

The adult spleen eontains the largest mass of lymphatie tissue in 
the body. The spleen performs the same functions for the blood 


that lymph nodes perform for the lymph. The diaphragmatie 
surface of the spleen lies against the diaphragm; the viseeral 
surface is against the stomaeh and kidney and eontains a groove 
ealled the hilum. The cellular eomponents form the pulp of the 
spleen. Red pulp eontains large numbers of red blood cells # and 
areas of white pulp resemble lymphatie nodules. Maerophages are 
seattered throughout the red pulp # and the region surrounding the 
white pulp has a high eoneentration of lymphoeytes and dendritie 
eells. fSee Figure 23.14.) 

23.7 Aging and the Lymphatie System p.619 

With aging # the immune system beeomes less effeetive at 
eombating disease. 


r ^ 

ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. plasma eells. L_ 

2. spleen. L_ 

3. thyrrms. . 

4. cytotoxic T eells. L_ 

5. antibodies. L_ 

6. NKeells. IZZ 

7. memoryeells. . 

8. eisterna ehyli. L_ 

9. lymphoeytopoiesis. . 

10. B eells. I 

a. rapid seeondary response 

b. responsible for eell-mediated immunity 

e. produce antibodies 

d. aid in imrrmne surveillance 

e. eontains developing T eells 

f. immunoglobulins 

g. responsible for antibody-mediated 
immunity 

h. production of lymphoeytes 

i. saelike ehamber of the thoraeie duct 

j. largest lymphatie organ in the body 


11. Identify the structures of the lymphatie 
system in the following diagram. 



(a) _ (i) 

(b) _ (j) 

(e)_ (k) 

(d) _ (I) 

(e) - (m) 

(f) _ (n) 

(g) _ (o) 

(h) _ (p) 


12. The lymphatie system is eomposed of 

(a) lymphatie vessels. 

(b) the spleen. 

(e) lymph nodes. 

(d) all of the above. 

13. Compared to blood eapillaries, lymphatie 
eapillaries 

(a) have a basal lamina. 

(b) are smaller in diameter. 

(e) have walls of a smooth endothelial 
lining. 

(d) are larger in diameter. 

14. Most of the lymph returns to the venous 
circulation by way of the 

(a) right lymphatie duct. 

(b) eisterna ehyli. 

(e) hepatie portal vein. 

(d) thoraeie duct. 

15. Some eells known as plasma eells 

(a) are aetively phagoeytie. 

(b) destroy red blood eells. 

(e) produce proteins ealled antibodies. 

(d) are primarily found in red bone marrow. 

16. _are large lymphatie nodules loeated in 

the walls of the pharynx. 

(a) Tonsils 

(b) Lymph nodes 

(e) Thyrrms glands 
(d) Thymie corpuscles 
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17. Areas of the spleen that eontain large 
numbers of lymphoeytes are known as 

(a) white pulp. 

(b) red pulp. 

(e) adenoids. 

(d) lymph nodes. 

18. The red pulp of the spleen eontains large 
numbers of 

(a) maerophages. 

(b) antibodies. 

(e) neutrophils. 

(d) lymphoeytes. 

19. The eells responsible for the production of 
circulating antibodies are 

(a) NK eells. 

(b) plasma eells. 

(e) helper T eells. 

(d) cytotoxic T eells. 

20. The medullary eords of a lymph node 
eontain 

(a) cytotoxic T eells. 

(b) regulatory T eells. 

(e) NK eells. 

(d) B eells. 

21. Lymphoeytes that attaek foreign eells or 
body eells infeeted with viruses are 

(a) B eells. 

(b) helper T eells. 

(e) cytotoxic T eells. 

(d) suppressor T eells. 

Level 2 Reviewing Concepts 

1. If the thymus failed to produce thymie 
hormones, we would expect to see a 
deerease in the number of 

(a) B lymphoeytes. 

(b) NK eells. 

(e) cytotoxic T eells. 

(d) neutrophils. 


2. Lymph from the right arm # the right half of 
the head # and the right ehest is reeeived by 
the 

(a) eisterna ehyli. 

(b) right lymphatie duct. 

(e) right thoraeie duct. 

(d) aorta. 

3. Bloeking the antigen reeeptors on the 
surface of lymphoeytes would interfere 
with 

(a) phagoeytosis of the antigen. 

(b) those lymphoeytes 7 ability to produce 
antibodies. 

(e) antibody reeognition. 

(d) the ability of the lymphoeytes to present 
antigen. 

4. What is the function of the blood thymus 
barrier? 

5. What major artery and vein pass through 
the hilum of the spleen? 

6. From what areas of the body does the 
thoraeie duct eolleet lymph? 

7. Which type of lymphoeyte is most eommon? 

8. What is lymphedema? 

9. What occurs in seeondary lymphatie structures? 

10. Where are aggregated lymphoid nodules # 
also termed Peyer's patehes, found? 

Level 3 Critical Thinking 

1. Tom has just been exposed to the measles 
virus # and sinee he ean't remember whether 
he has had measles before # he wonders if he 
is going to eome down with the disease. 

He asks you how he ean tell whether he has 
been previously exposed or is going to get 
siek before it actually happens. What should 
you tell him? 


2. While walking along the street # you 
and your friend see an elderly woman 
whose left arm appears to be swollen to 
several times its normal size. Your friend 
wonders what might be its cause. You say 
that the woman may have had a radieal 
masteetomy (the removal of a breast 
because of eaneer). Explain the rationale 
behind your answer. 

3. Paula's grandfather is diagnosed as having 
lung eaneer. His physieian orders biopsies 
of several lymph nodes from neighboring 
regions of the body # and Paula wonders 
why # sinee the eaneer is in his lungs. What 
should you tell her? 




CLINICAL eASE | WRAP-UP ] 


Fighting a Zoonotie Disease 


Animal speeies that harbor zoonotie diseases # such as bats and bugs # 
are ealled reservoir hosts. Aeeording to the Centers for Disease 
Control # zoonotie diseases cause three out of five new human 
sieknesses eaeh year in the Llnited States. 

As Graee makes her way to the elosest hospital for rehydration and 
supportive care # her immune system is also taking aetion: T eells and 
B eells are aetivated and begin dividing. Direet attaek by her aetivated 
cytotoxicT eells produces eell-mediated immunity. Meanwhile # under 
the regulation and eoordination of helper T cells # B eells differentiate 
into plasma eellsto provide antibody-mediated immunity. Graee's 
survival depends on her imrrmne response outpacing her advaneing 
Ebola virus infeetion. 

With proper medieal treatment # Graee's prognosis is good. Onee 
she recovers # she plans to stay in the hospital and eare for other Ebola 
vietims. 

1. Will Graee's lymphatie system produce more or fewer lymphatie 
stem eells during her Ebola infeetion? 



2. Will Graee be immune to Ebola onee she reeovers? Explain your 
answer. 


See the blue Ansvvers tab at the baek of the book. 
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Related Ginieal Terms 


adenitis: Inflammation of the adenoid 
(pharyngeal tonsil). 

allograft: Transplant betvveen eompatible 
reeipient and donor of the same speeies. 

anamnestie response: An immune response 
that is initiated by memory eells. 

autograft: A transplant of tissue that is taken 
from the same person. 

Burkitt's lymphoma: A malignant eaneer of B 
lymphoeytes. 

eongenital thymie aplasia: Congenital 
(present at birth) absenee of the thymus 
and parathyroid glands and a defieieney of 
immunity. 

Coombs test: A medieal test to deteet 
antibodies or eomplement in the blood. 

dermatomyositis: An autoimmune disease 
eharaeterized by inflammation of the skin 
and rrmseles. 


eezema: A genetie inflammatory skin disorder, 
often vvith crusts # papules # and leaky 
eruptions. 

host versus graft disease: A pathologieal 
eondition in vvhieh eells from the 
transplanted tissue of a donor initiate an 
imrrmne response, attaeking the eells and 
tissue of the reeipient. 

hybridoma: A tissue culture eomposed of 
eaneer eells fused to lymphoeytes to mass 
produce a speeifie antibody. 

immunology: Braneh of biomedieine 

eoneerned vvith the structure and function 
of the immune system. 

infectious mononucleosis: An acute disease 
caused by the Epstein-Barr virus # producing 
fever, svvelling of the lymph nodes # sore 
throat # and inereased lymphoeytes in the 
bloodstream. 


Iatex allergy: Hypersensitivity to products 
made of the sap of the rubber plant. 

polymyositis: An autoimmune disease 

eharaeterized by inflammation and atrophy 
of muscles. 

sentinel node: The first lymph node to 

reeeive drainage from a tumor. It is used to 
determine if there is lymphatie metastasis in 
some types of eaneer. 

splenomegaly: Enlargement of the spleen. 

systemie lupus erythematosus (SLE): An 

autoimmune disease in vvhieh a person's 
immune system attaeks and injures its ovvn 
organs and tissues in virtually every system 
of the body. 

xenograft: A transplant that is made betvveen 
tvvo different speeies. 
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These learning oiiteomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 


24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

24.7 


List the main functions of the respiratory 
system. p. 625 

(lompare and eontrast the anatomy and 
physiology of the upper respiratory system. 
p. 627 

Deseribe the anatomy of the larynx. p. 630 
Deseribe the anatomy of the traehea. p. 632 



eompare and eontrast the anatomy of the 
main bronehi. p. 632 


eompare and eontrast the anatomy of the right 
and left lungs. p. 633 


Deseribe the anatomy of the pleural eavities 
and pleural membranes. p. 642 



List the most important muscles of breathing 
and eite their origins, insertions, aetions, and 
innervations. p. 643 



List the ehanges that occur in the respiratory 
system at birth. p. 643 



24.11 



Discuss the respiratory eontrol eenters, 
hovv they interaet, and the function of the 
ehemoreeeptors and streteh reeeptors in the 
eontrol of respiration. p. 643 

List major effeets of aging on the respiratory 
system. p. 645 




CLINICAL CASE 


How Long Should This Cou h Last? 


Andrea has been disseeting a eadaver with her lab partners for a month. 
Today, one of her partners, Bohdan, has an upper respiratory infeetion. 
Bohdan eoiighs, spreading aerosolized droplets aeross the disseeting table. 
Andrea inhales the droplets, which eontain infectious rhinovimses that 
cause eommon eolds. The virus spreads aeross Andrea's respiratory mucosa # 
overeoming her natural imrrmnity. Some viruses enter the epithelial eells of 
her pharynx and traehea, where they take over the eell's nuclear "maehinery" 
and begin to multiply. 

Three days later, the infeeted respiratory epithelial eells burst # releasing 
rhinoviruses to infeet other eells throughout Andrea's body. She feels terrible, 
with a fever of 101°F # a runny nose (rhinitis), sore throat (pharyngitis), 
generalized fatigue # and an unrelenting cough # producing thiek yellow mucus. 

After a week # Andrea is still coughing. She sees her family doctor # insisting 
that she needs a preseription for antibioties. The last time she had a weeklong 
cough # an urgent eare doetor preseribed antibiotics # and her cough subsided 
after another 10 days. 

Does Andrea need to take antibioties again? To find out r turn to the 
dinieal Case Wrap-Up on p. 649. 
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MOST CELLS OBTAIN MOST OF THEIR ENERGY through aerobie metabo- 
lism, which requires oxygen and produces earbon dioxide. The respiratory sys- 
tem faeilitates the exchange of oxygen and earbon dioxide between the air and 
blood. As blood circulates, it earries oxygen from the lungs to peripheral tissues, 
pieks up earbon dioxide (C0 2 ) produced by these tissues, and transports C0 2 
to the lungs for elimination. 

We begin our study of the respiratory system by deseribing the structures 
that conduct air from the external environment to the gas exchange surfaces in 
the lungs. We then discuss the meehanies of breathing and neural eontrol of 
respiration. 

24.1 An Overvievv of the Respiratory 

System and Respiratory Traet 

► KEY POINT The respiratory system includes all structures from the nose to 
the alveoli. The respiratory system is divided into upper and lovver respiratory 
systems. 


The respiratory system eonsists of the nose, nasal eavity and parana- 
sal sinuses, pharynx, larynx (voiee box), traehea (windpipe), and smaller 
conducting passageways to the alveoli. Alveoli are the gas exchange smfaees 
within the lungs igure 24.1 . 

Anatomieally, the respiratory system is divided into the upper and lower 
respiratory systems. The upper respiratory system eonsists of the paranasal 
sinuses, nasal eonehae, nose, nasal eavity, and nasopharynx. These passage- 
ways “eondition the air” by filtering, warming, and hmnidifying it, thereby 
proteeting the delieate conduction and exchange smfaees of the lower respi- 
ratory system from debris, pathogens, and environmental extremes. The lower 
respiratory system includes the larynx, traehea, bronehi, lungs, bronehioles, 
and alveoli of the lungs. 

The respiratory traet eonsists of a conducting portion, which extends 
from the entranee to the nasal eavity to the bronehioles, and a respiratory por- 
tion, which includes the respiratory bronehioles and the alveoli ogure 24.1 . 
The proeess of filtering, warming, and hmnidifying inhaled air begins at the 
entranee to the upper respiratory system and continues through the rest of the 
conducting portion. By the time the air reaehes the alveoli of the lungs, most 


Figure 24.1 Structures of the Respiratory System 
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foreign partieles and pathogens have been removed, and its humidity and tem- 
perature are within aeeeptable limits. The success of this eonditioning proeess is 
due to the properties of the respiratory epithelium. 

Functions of the Respiratory System 

► KEY POINT Functions of the respiratory system include conducting air, pro- 
viding an area for gas exchange, proteeting respiratory surfaces, producing 
sounds, and helping regulate blood pressure and body fluid pH. 

The respiratory system has the following basie functions: 

■ providing an extensive area for gas exchange between air and circulating 
blood; 

■ moving air to and from the exchange surfaces of the lungs; 

■ proteeting respiratory surfaces from dehydration, temperature ehanges, 
and other environmental variations; 

■ defending the respiratory system and other tissues from pathogens; 

■ producing sounds involved in speaking, singing, or nonverbal communication; 

■ helping regulate blood volume, blood pressure, and body fluid pH. 


The respiratory system performs these functions in conjunction with the 
cardiovascular and lymphatie systems, seleeted skeletal muscles, and the ner- 
vous system. 

The Respiratory Epithelium 

► KEY POINT The "typieal" respiratory epithelium is a pseudostratified, eiliated 
columnar epithelium with mucous eells. As you move distally within the respira- 
tory traet, the epithelium ehanges, resulting in a simple squamous epithelium 
speeialized for gas exchange. 

The respiratory epithelium is a pseudostratified eiliated columnar epithe- 
lium with numerous mucous eells gure 24.2 . The respiratory epithelium 
lines the entire respiratory traet except for the inferior portions of the pharynx, 
the smallest conducting passages, and the alveoli. A stratified squamous epi- 
thelium lines the inferior portion of the pharynx, proteeting it from abrasion 
and ehemieals. This portion of the pharynx conducts air to the larynx and also 
eonveys food to the esophagus. 

Mucous eells in the epithelmm and mucous glands in the lamina propria 
produce a stieky mucus that bathes the exposed surfaces. In the nasal eavity, 
eilia sweep that mucus and any trapped debris or mieroorganisms toward the 
pharynx, where it is swallowed and exposed to the aeids and enzymes in the 


Figure 24.2 Histology of the Respiratory Epithelium 
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CLINICAL NOTE 


Figure 24.3 The llpper Respiratory System, Part I. The nasal eartilages 
and external landmarks on the nose. 



Cystic Fibrosis 


Cystic Fibrosis (CF) is a hereditary disorder of the exocrine 
glands. A mutation in a ehloride regulator gene on ehromo- 
some 7 causes the production of abnormally thiek mucus. This 
thiek mucus obstructs passageways of the panereatie and bile 
ducts 7 intestines, and bronehial tree. Within the respiratory traet, 
breathing is impeded and the mucociliary esealator is impaired # 
leading to frequent infeetions. The average lifespan for people 
with CF who live into adulthood is 37 years. 



stomaeh. In the lower respiratory system, the eilia beat toward the pharynx, 
moving a earpet of mucus in that direetion and eleaning the respiratory sur- 
faees. This meehanism is the mucociliary esealator. 

Contamination of the inspired air by pathogens or debris will damage the 
delieate surfaces of the respiratory system. However, the air entering the respira- 
tory system is filtered to remove eontaminants. The respiratory filtration meeh- 
anisms form the respiratory defense system. In the nasal eavity, almost all 
partieles larger than 10 /im are removed from the inspired air. Stiff hairs within 
the nasal eavity, termed vibrissae, remove larger partieles. The mucus of the naso- 
pharynx or seeretions of the pharynx trap smaller partieles before they enter 
smaller passageways of the conducting portion. Unpleasant stimuli—such as nox- 
ious vapors, dust and debris, allergens, and pathogens—ean rapidly inerease the 
rate of mucus production. The familiar symptoms of the “eommon eold” result 
when any of more than 200 types of vimses invade the respiratory epithelium. 

Filtration, warming, and humidification of inhaled air occur throughout 
the conducting portion of the respiratory system (that portion of the respira- 
tory system that does not partieipate in gas exchange). However, the greatest 
ehanges occur within the nasal eavity. Breathing through the mouth eliminates 
much of the initial filtration, heating, and humidifying of the inspired air. 
Patients breathing on a respirator (meehanieal ventilator), which uses a tube to 
conduct air direetly into the traehea, must reeeive air that has been externally 
filtered and humidified to prevent alveolar damage. 


24.1 CONCEPT CHECK 

1 Listthe main functions of the respiratory system. 

2 What is the mucociliary esealator? 

See the blue Ansvvers tab at the baek of the book. 


24.2 The Upper Respiratory System 

The Nose and Nasal Cavity 

► KEY POINT The nose is the primary pathway for ineoming air. The structures 
of the nose and nasal eavity are speeialized for eonditioning the air. 

The nose is the primary passageway for air entering the respiratory system. 
(Chapter 6 introduced the bones, eartilages, and sinuses assoeiated with the 
nose.) Air enters the nose through the paired nostrils, or nares (NA-réz). 
These open into the nasal vestibule (VES-ti-bul) and the nasal eavity 


Lateral nasal Dorsum Major alar 
eartilage of nose eartilage 


Apex 




Minor alar 
eartilage 


Nostrils 


(Figures 24.3 and 24.4a . The nasal vestibule is the portion of the nasal eav- 
ity enelosed by the flexible tissues of the nose. It is supported by thin, paired 
lateral and alar eartilages ure 24.3 . The epithelium of the nasal vestibule 
eontains eoarse hairs that extend aeross the external nares. Large airborne par- 
tieles such as sand, sawdust, and even inseets are trapped in these hairs and are 
prevented from entering the nasal eavity. 

The nasal septum separates the right and left portions of the nasal eavity. 
The fusion of the perpendicular plate of the ethmoid and the vomer forms the 
bony portion of the nasal septum ure 24.4b). The anterior portion of the 
nasal septum is formed of hyaline eartilage. This cartilaginous plate supports 
the dorsum ( bridge ) of the nose and the apex (tip) of the nose. 

The maxillae, nasal and frontal bones, ethmoid, and sphenoid form 
the lateral and superior walls of the nasal eavity. Mucus produced in the 
paranasal sinuses, aided by tears draining through the nasolaerimal ducts, 
keep the surface of the nasal eavity moist and elean. The superior portion, 
or olfaetory region, of the nasal eavity eonsists of the areas lined by olfae- 
tory epithelium: (1) the inferior surface of the eribriform plate, (2) the 
superior nasal eonehae of the ethmoid, and (3) the superior portion of the 
nasal septum. 

The superior, middle, and inferior nasal eonehae, or tmhinated bones , 
projeet toward the nasal septum from the lateral walls of the nasal eav- 
ity. Air flows between adjaeent eonehae and through the superior, 
middle, or inferior meatnses (mè-À-tus-es; meatus, passage) as it passes 
from the nasal vestibule to the narrow posterior nasal apertures (or eho- 
anae; kò-AN-é) pure 24.4]. The ineoming air bounces off the eonehae 
and churns around like water flowing over rapids. This air turbulence brings 
small airborne partieles into eontaet with the mucus lining the nasal eavity. 
The turbulence allows extra time for warming and humidifying ineoming 
air and ereating air currents that bring olfaetory stimuli to the olfaetory 
reeeptors. 

A bony hard palate, formed by the maxillae and palatine bones, forms 
the floor of the nasal eavity and separates the oral and nasal eavities. A fleshy 
soft palate extends posterior to the hard palate. This marks the boundary 
between the superior nasopharynx and the rest of the pharynx 1gures 
24.4a and 24.5). The nasal eavity opens into the nasopharynx at the posterior 
nasal apertures. 
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Figure 24.4 The llpper Respiratory System, Part II 
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The Pharynx 

► KE¥ POINT The pharynx, a eommon passageway shared by the digestive 
and respiratory systems, is subdivided into the nasopharynx, oropharynx, and 
laryngopharynx. 

The pharynx (FAR-inks) eonneets the nose, mouth, and throat. The digestive 
and respiratory systems share the pharynx. It extends between the posterior 
nasal apertures and the entranees to the traehea and esophagus. The curving 
superior and posterior walls are attaehed to the axial skeleton, but the lateral 
walls are flexible and muscular. The pharynx is divided into three regions: naso- 
pharynx, oropharynx, and laryngopharynx |ures 24.4a and !4.5 . 

The Nasopharynx 

The nasopharynx (nà-zò-FAR-inks) is the superior portion of the pharynx. It is 
eonneeted to the posterior portion of the nasal eavity by the posterior nasal aper- 
tures. The soft palate separates it from the oral eavity ígures 24.4a and !4.5 . 

A typieal respiratory epithelium lines the nasopharynx. The pharyngeal 
tonsil is loeated on the posterior wall of the nasopharynx; the lateral walls eon- 
tain the pharyngeal opening of the auditory tube gure 24.4a] . 

The Oropharynx 

The oropharynx (òr-ò-FAR-inks; oris, mouth) extends between the soft palate 
and the base of the tongue at the level of the hyoid bone. Like the posterior and 


inferior portions of the nasopharynx, the posterior portion of the oral eavity 
communicates direetly with the oropharynx igures 24.4a and Í4.E . The 
epithelmm ehanges from a pseudostratified eiliated columnar epithelium to a 
nonkeratinized (mucosal type ) stratified squamous epithelium at the boundary 
between the nasopharynx and oropharynx. 

The posterior margin of the soft palate supports the dangling uvula 
(U-vu-la) and two pairs of muscular pharyngeal arehes, the posterior areh 
and the anterior areh. 

The Laryngopharynx 

The narrow laryngopharynx (la-RING-gò-far-inks) includes the region of 
the pharynx lying between the hyoid bone and the entranee to the esophagus 
"gures 24.4a and 4.S . Like the oropharynx, the laryngopharynx is lined 
with a stratified squamous epithelium that resists abrasion, ehemieals, and 
pathogens. 

24.2 CONCEPT CHECK 

3 What are the three subdivisions of the pharynx? 

4 What is the function of the nasal eonehae? How does 
this affeet the lower respiratory system? 

See the blue Ansvvers tab at the baek of the book. 


Figure 24.5 The llpper Respiratory System, Part III. The nasal eavity and pharynx as seen in a 
sagittal seetion of the head and neek. 
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Figure 24.6 Anatomy of the Larynx 
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24.3 The Lower Respiratory System 

The Larynx 

► KEY POINT The larynx is supported by three unpaired pieees of eartilage and 
three paired pieees of eartilage. The larynx eontains the true voeal folds and false 
voeal folds. 


Inhaled air leaves the pharynx by passing through a slit-like opening, the glottis 
(GLOT-is) (Figure 24.4a). The larynx (LAR-inks) begins between the level of 
vertebra C 3 to C 5 and ends at the level of vertebra C 6 or C 7 . Ligaments and skel- 
etal muscles stabilize the cartilaginous walls of the eylindrieal larynx. 

Cartilages of the Larynx 

Three large unpaired eartilages form the body of the larynx: the thyroid earti- 
lage, the erieoid eartilage, and the epiglottis yure 24.6 . The thyroid and eri- 
eoid eartilages are hyaline eartilages; the epiglottie eartilage is elastie eartilage. 

The Thyroid Cartilage The largest laryngeal eartilage is the thyroid 
(“shield-shaped”) eartilage. It forms most of the anterior and lateral walls of 
the larynx igure 24.6a,b] . The thyroid eartilage, when viewed in sagittal see- 
tion, is ineomplete posteriorly. The laryngeal prominenee, or Adam 's apple, 
is loeated on the anterior surface of this eartilage. This structure is easily seen 
and felt. 

The inferior surface of the thyroid eartilage articulates with the erieoid 
eartilage. The superior surface of the thyroid eartilage has ligamentous attaeh- 
ments to the epiglottis and smaller laryngeal eartilages. 

The Cricoid Cartilage The erieoid eartilage (KRl-koyd; “ring-shaped”) 
forms a eomplete eirele. Its posterior portion is greatly expanded and supports 
the posterior surface of the larynx. The erieoid and thyroid eartilages proteet 
the glottis and the entranee to the traehea. The broad surfaces are sites for the 
attaehment of important laryngeal muscles and ligaments. Ligaments attaeh 
the inferior surface of the erieoid eartilage to the first eartilage of the traehea 
gure 24.6a,c). The superior surface of the erieoid eartilage articulates with 
the small paired arytenoid eartilages. 

The Epiglottis The shoehorn-shaped epiglottis (ep-i-GLOT-is) projeets 
superior to the glottis igures 24.4a, 24.5, and !4.6b,c,d] . The epiglottie 
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eartilage supporting it has ligamentous attaehments to the inner and superior 
borders of the thyroid eartilage and the hyoid bone, respeetively. During swal- 
lowing, the larynx is elevated, and the epiglottis folds baek over the glottis. This 
prevents both liquids and solid food from entering the respiratory passageways. 

Paired Laryngeal Cartilages The larynx also eontains three pairs of 
smaller eartilages: the arytenoid, corniculate, and cuneiform eartilages. The 
arytenoids and corniculates are hyaline eartilages; the cuneiforms are elastie 
eartilages gure 24.6b-d and !4.7 . 

■ The paired arytenoid (ar-i-TÉ-noyd; “ladle-shaped”) eartilages articulate 
with the posterior, superior border of the erieoid eartilage gure 24.6b-d . 

■ The small corniculate (kor-NIK-u-làt; “horn-shaped”) eartilages artie- 
ulate with the arytenoid eartilages gures 24.6c,d and 4.7 . The eor- 
niculate and arytenoid eartilages are important in opening and elosing the 
glottis and producing sound. 

■ Elongated, curving cuneiform (ku-NÉ-i-form; ‘Vedge-shaped") eartilages 
lie within the ary-epiglottie fold, tissue that extends between the lateral 
aspeet of eaeh arytenoid eartilage and the epiglottis gures 24.6c 
and 24.7). 

Laryngeal Ligaments 

A series of intrinsie ligaments binds all nine eartilages together, forming 
the larynx ígure 24.6a,b,d . Extrinsic ligaments attaeh the thyroid earti- 
lage to the hyoid bone and the erieoid eartilage to the traehea. The vestibular 
ligaments and the voeal ligaments extend between the thyroid eartilage and 
the arytenoids. 

Folds of laryngeal epithelium projeet into the glottis, eovering the vestib- 
ular and voeal ligaments. The vestibular ligaments lie within the superior pair 
of folds, known as the vestibular folds igures 24.5, 24.6b, and 24.Ì . The 
vestibular folds are relatively inelastie. They help prevent foreign objeets from 
entering the glottis and provide proteetion for the more delieate voeal folds. 

Because the voeal ligament is a band of elastie tissue, the voeal folds are 
also highly elastie. The voeal folds are involved with producing sounds, so they 
are known as the true voeal eords. Because the vestibular folds play no part in 
sound production, they are ealled the false voeal eords. 


Sound Production Air passing through the glottis vibrates the voeal folds 
and produces sound waves. The piteh of the sound produced depends on the 
diameter, length, and tension of the voeal folds. The diameter and length are 
related to the size of the larynx. The tension is eontrolled by the eontraetion of 
skeletal muscles. This ehanges the positions of the thyroid and arytenoid earti- 
lages. When the distanee between the thyroid and arytenoid eartilages inereases, 
the voeal folds tense and the piteh rises. When the distanee deereases, the voeal 
folds relax and the piteh falls. 

Children have slender, short voeal folds, so their voiees are high-pitehed. 
At puberty the larynx of a male enlarges more than that of a female. The true 
voeal eords of an adult male are thieker and longer, and they produce lower 
tones than those of an adult female. 

The entire larynx is involved in sound production because its walls vibrate, 
ereating a eomposite sound. Amplifieation and eehoing of the sound occur 
within the pharynx, oral eavity, nasal eavity, and paranasal sinuses. The final 
production of distinet sounds depends on voluntary movements of the tongue, 
lips, and eheeks. 

The Laryngeal Musculature 

The larynx is assoeiated with two different groups of muscles: the intrinsie 
laryngeal muscles and the extrinsic laryngeal muscles. The intrinsie laryngeal 
muscles are totally eontained within the larynx and have two functions. One 
group regulates tension in the voeal folds. The seeond set opens and eloses the 
glottis. Those regulating voeal fold tension insert upon the thyroid, arytenoid, 
and corniculate eartilages. Those opening or elosing the glottis insert onto the 
arytenoid eartilages. 

The extrinsic laryngeal muscles eonneet the larynx to neighboring struc- 
tures and move it up and down during swallowing and speaking. (Chapter 10 
eonsidered these muscles.) 

The extrinsic and intrinsie muscles eooperate to prevent food and liq- 
uids from entering the glottis during swallowing. Before you swallow, food is 
ernshed and chewed, forming a pasty mass known as a bolus. Extrinsic muscles 
elevate the larynx, bending the epiglottis over the entranee to the glottis. This 
causes the bolus to glide aeross the epiglottis, rather than falling into the larynx 
(Figure 24.8]. While this movement is under way, intrinsie muscles elose the 
glottis. If partieles or liquids touch the smfaees of the vestibular or voeal folds, 
the coughing reflex is triggered. Coughing prevents the material from entering 
the glottis. 


Figure 24.7 The Voeal Cords 
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Figure 24.8 The Swallowing Proeess. During swallowing # the elevation 
of the larynx folds the epiglottis over the glottis, steering the bolus into 
the esophagus. 
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24.3 CONCEPT CHECK 

5 What are the functions of the thyroid eartilage? 

6 What is the function of the epiglottis? 

7 Laurel uses voluntary muscle eontraetion to shorten 
the distanee between her thyroid and arytenoid 
eartilages. What happens to the piteh of her voiee? 

8 How would the absenee of intrinsie laryngeal muscles 
affeet swallowing? 

See the blue Ansvvers tab at the baek of the book. 



24.4 The Traehea 

► KEY POINT The traehea starts at the erieoid eartilage in the neek, enters the 
mediastinum, and ends at its division into the right and left bronehi. It sits ante- 
rior to the esophagus and is lined with a typieal respiratory epithelium. 


The traehea (TRÁ-kè-a), or “windpipe,” is a tough, flexible tube with a diam- 
eter of about 2.5 em (1 in.) and a length of approximately 11 em (4.25 in.) 

gure 24.9; . The traehea begins anterior to vertebra C 6 , attaehed to the eri- 
eoid eartilage by eonneetive tissue. It ends within the mediastinum at T 5 , where 
it branehes to form the right and left main bronehi. 

The lining of the traehea is a pseudostratified, eiliated columnar epithe- 
lium with mucous eells. This respiratory epithelium sits on a layer of loose 
eonneetive tissue ealled the lamina propria (LA-mi-na PRÓ-prè-a) ( 'igure 
24.2a, p. 626). The lamina propria separates the respiratory epithelium from 
the deeper hyaline eartilages. The eombination of epithelmm and lamina pro- 
pria is an example of a mucosa (mu-KÓ-sa), or mucous membrane. p. 71 

A layer of eonneetive tissue, the submucosa (sub-mu-KÓ-sa), is deep 
to the lamina propria. The submucosa eontains traeheal glands that seerete 
mucus onto the epithelial surface through seeretory ducts. 

Deep to the submucosa, the traehea eontains 15-20 traeheal eartilages 
gure 24.9; . Elastie annular ligaments attaeh eaeh traeheal eartilage to its 
adjaeent eartilages. The traeheal eartilages stiffen the traeheal walls and proteet 
the airway. They also prevent its eollapse or overexpansion as pressures ehange 
in the respiratory system. 

Eaeh traeheal eartilage is a C-shaped pieee of hyaline eartilage. The elosed 
portion of the C proteets the anterior and lateral surfaces of the traehea. 
The open portions faee posteriorly, toward the esophagus Figure 24.9b; . 
Because the eartilages are not eomplete eireles, the posterior traeheal wall 
ehanges shape easily during swallowing. This permits the passage of large 
masses of food along the esophagus. 

An elastie ligament and a band of smooth muscle, the traehealis, eon- 
neet the open ends of eaeh traeheal eartilage gure 24.9b] . Contraction of 
the traehealis deereases the diameter of the traeheal lumen. This inereases the 
resistanee to airflow. Sympathetie aetivation relaxes the traehealis, inereasing 
the diameter of the traehea, lowering resistanee to airflow and making it easier 
to move large volumes of air through the traehea. 



CONCEPT CHECK 

9 The eartilages reinforeing the traehea are C-shaped 
rather than eomplete rings. How does this shape help 
with swallowing while still proteeting the traehea? 

10 What type of epitheliiim ean be observed in the 
traehea? 

11 How are traeheal eartilages involved in airflow? 


See the blue Ansvvers tab at the baek of the book. 


24.5 The Main Bronehi 

► KEY POINT The traehea divides into the right and left main bronehi. 

At T 5 , the traehea branehes within the mediastinum, giving rise to the right 
and left main bronehi (BRONG-kl; singular, bronehns). An internal ridge, the 
earina (ka-RÍ-na) of traehea, lies between the entranees to the two main bronehi 
(Figure 24.9a). The histology of the main bronehi is the same as the traehea. The 
right main bronchus supplies the right lung, and the left supplies the left lung. 
The right main bronchus is shorter, has a larger diameter, and deseends toward the 
lung at a steeper angle than the left. For these reasons, most foreign objeets that 
enter the traehea find their way into the right bronchus rather than the left. 

Eaeh main bronchus travels to and through the hilum (Hl-lum) of the lung 
before branehing further gure 24.10]. The hilum is a groove on the medias- 
tinal surface of the lung and, in addition to the entranee of the main bronehi, is 
the site for the entry and exit of the pulmonary vessels and nerves. A meshwork of 
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Figure 24.9 Anatomy of the Traehea and Main Bronehi 
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dense eonneetive tissue anehors all of these structures to the lung. This meshwork 
is ealled the root of the lung ure 24.9a). The root of the lung is attaehed to 
the mediastinum and holds the major nerves, vessels, and lymphaties in plaee. The 
roots of the lungs are loeated anterior to vertebrae T 5 (right) and T ó (left). 

24.5 CONCEPT CHECK 

12 Hovv ean you distinguish the right main bronchus 
w from the left main bronchus? 

See the blue Ansvvers tab at the baek of the book. 

24.6 The Liings 

► KEY POINT Eaeh lung is eone-shaped. Its apex extends superior to the attaeh- 
ment of the first rib to the sternum, and its base sits on the diaphragm. 

The left and right lungs are situated in the left and right pleural eavities 
(Figure 24.10 . Eaeh lung is a blunt eone with the tip, or apex, pointing supe- 
riorly. The apex on eaeh side extends into the base of the neek, superior to the 
first rib. The broad eoneave inferior portion, or base, of eaeh lung rests on the 
superior surface of the diaphragm. 


Lobes and Fissures of the Lungs 

► KEY POINT The right lung is divided into three lobes, and the left is divided 
into two. Eaeh lobe is separated by a fissure. 

The lobes of the lung are separated by deep fissures. The right lung has three lobes: 
siiperior, middle, and inferior. The horizontal fissure separates the superior and 
middle lobes. The oblique fissure separates the superior and inferior lobes. The left 
lung has only two lobes, superior and inferior, separated by the oblique fissure 
gure 24.10] . The right lung is shorter, broader, and heavier than the left. The 
right lung is shorter because the right half of the diaphragm rises higher than the left 
half to aeeommodate the liver within the abdominal eavity. The differenee in width 
and weight is due to the heart and great vessels projeeting into the left pleural eavity. 

Lung Surfaces 

► KEY POINT The surfaces of the lungs are named for the structures that eome 
into eontaet with the lungs. Connective tissue from the root of the lung trav- 
els inward, forming trabeculae and septa that partition the lobes into smaller 
eompartments. 

The curving anterior eostal surface of the lungs eontaets the inner contours 
of the rib eage =igure 24.10a r b' . The mediastinal surface eontains the 
hilum of the lung jure 24.1 Oe). The mediastinal surface of both lungs have 
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Figure 24.10 Gross Anatomy of the Lungs 
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grooves marking the positions of the great vessels and the heart. The left lung 
has a larger eardiae impression because most of the heart is loeated to the left 
of midline. The medial margin of the right lung forms a vertieal line when 
viewed anteriorly. The left, however, has an indentation, the eardiae noteh, 
when viewed anteriorly. 

The eonneetive tissues of the root of eaeh lung extend inward, form- 
ing fibrous partitions, or trabeculae. These trabeculae, which braneh 
repeatedly, eontain elastie fibers, smooth muscle, and lymphatie vessels. 
The branehing of the trabeculae divides the lobes into smaller and smaller 
eompartments. The branehes of the conducting passageways, pulmonary 
vessels, and nerves of the lungs follow these trabeculae to their peripheral 
destinations. 

The terminal eonneetive tissue partitions are ealled interlobular septa. 
These septa divide the lung into pulmonary lobules (LOB-ulz). Eaeh lobule is 
supplied by branehes of the pulmonary arteries, pulmonary veins, and respira- 
tory passageways. The eonneetive tissues of the septa are continuous with those 
of the viseeral pleura. 

The Main Bronehi 

► KEY POINT After eaeh main bronchus enters the lung 7 it divides into smaller 
and smaller lobar and segmental bronehi. 

The main bronehi and their branehes form the bronehial tree. As the main 
bronehi enter the lungs, they divide to form smaller passageways ures 

24.9, 24.11, and 24.12). 

After entering the lung, eaeh main bronchus divides, forming lobar 
bronehi, also known as seeondary bronehi. Lobar bronehi then divide, forming 
segmental, or tertiary, bronehi. The branehing pattern differs in the right 
and left lungs. Eaeh segmental bronchus supplies air to a single bronchopul- 
monary segment igure 24.12a,b . There are 10 segmental bronehi and 
10 bronchopulmonary segments in the right lung. In the developing fetus, the 
left lung also starts out with 10 bronchopulmonary segments. However, one 
or more of these segments fuse, resulting in eight or nine bronchopulmonary 
segments in the adult. 

The walls of the main, lobar, and segmental bronehi have a typieal 
respiratory epithelium but eontain less and less eartilage with eaeh divi- 
sion igures 24.1 and 54.13 . The walls of lobar and segmental bron- 
ehi eontain eartilage plates arranged around the lumen. These eartilages 
serve the same purpose as the rings of eartilage in the traehea and main 
bronehi. 

Branehes of the Right Main Bronehiis 

The right lung has three lobes. The right main bronchus divides into three lobar 
bronehi: a superior lobar bronchus, a middle lobar bronchus, and an 
inferior lobar bronchus "gure 24.9a). Eaeh lobar bronchus delivers air to 
one of the lobes of the right lung gure 24.12 . 

Branehes of the Left Main Bronchus 

The left lung has two lobes. The left main bronchus divides into two branehes: a 

superior lobar bronchus and an inferior lobar bronchus igures 24.9a, 

24.11, and 24.12). 

Branehes of the Lobar Bronehi 

The lobar bronehi in eaeh lung divide, forming segmental bronehi. In the right 
lung there are 10 segmental bronehi. Three supply the superior lobe, two supply 
the middle lobe, and five supply the inferior lobe. The left lung usually has nine 
segmental bronehi. Four supply the superior lobe and five supply the inferior 
lobe igure 24.12a,d . The segmental bronehi deliver air to the bronchopul- 
monary segments of the lungs. 


Figure 24.1 Bronehi and Bronehioles. For elarity, the degree of branehing 
has been reduced; an airvvay branehes approximately 23 times before 
reaehing the level of a lobule. 
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The Bronchopulmonary Segments 

Eaeh lobe of the lung ean be divided into smaller units ealled bronchopul- 
monary segments. Eaeh segment eonsists of the lung tissue assoeiated with a 
single segmental bronchus. The bronchopulmonary segments have names that 
eorrespond to those of the assoeiated segmental bronehi gure 24.12a,b,d] . 

The Bronehioles 

► KEY POINT Eaeh segmental bronchus branehes several times, ultimately end- 
ing in terminal bronehioles. The vvalls of terminal bronehioles laek eartilage, and 
their epithelium is not the typieal respiratory epithelium. 

Eaeh segmental bronchus branehes several times within the bronchopulmonary 
segment, forming many bronehioles. These bronehioles then braneh into the 
smallest-diameter conducting branehes, ealled terminal bronehioles. Nearly 
6500 terminal bronehioles arise from eaeh segmental bronchus. The walls of the 
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Figure 24.12 The Bronehial Tree and Divisions of the Lungs 
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Figure 24.12 ( continued) 
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CLINICAL NOTE 


Traehea! Bloekage 


Foreign objeets, usually food, that beeome lodged in 
the traehea or larynx are usually expelled by coughing. If the 
individual ean speak, the airvvay is still open, and no emergeney 
measures are needed beyond careful observation. If the person 
eannot breathe or speak but is still conscious, this is a life-threat- 
ening emergeney requiring immediate aetion. 

The heimlieh (HlM-lik) maneuver is an aetion designed to 
expel an obstruction from the traehea by applying eompression to 
the abdomen just inferior to the diaphragm. This is done by grasp- 
ing the fist from behind with the other hand, and forcefully thrust- 
ing inward and upward to foree the diaphragm upward, foreing air 
into the traehea to dislodge the objeet. 

If the bloekage remains, professionally qualified rescuers may 

perform a traeheostomy (trà-kè-OS-tò-mè). This procedure involves 
making an ineision through the anterior traeheal wall and inserting 
a tube inferior to the larynx. 

A traeheostomy may also be required if (1) the larynx beeomes 
bloeked by inflammation, sustained laryngeal spasms, severe allergie 
reaetions, burns, or smoke inhalation; (2) a portion of the traehea 
has been crushed; (3) the epiglottis is severely inflamed; or (4) part of 
the traehea has been removed during treatment of laryngeal eaneer. 



terminal bronehioles are continuous and laek eartilage and mucous eells. The 
proximal segments are lined by a pseudostratified, eiliated columnar epithelmm. 
The more distal segments are lined with a simple columnar eiliated epithelium. 

Terminal bronehiole walls eontain a signifieant amount of smooth 
muscle ures 24.11a and 24.13a,b). The autonomic nervous system 
regulates the aetivity of the smooth muscle layer in the terminal bronehi- 
oles. Sympathetie aetivation and the release of epinephrine by the adrenal 
medullae cause bronehodilation, which inereases the luminal diameter 
of the airways, reducing resistanee to airflow. Parasympathetie stimulation 
causes bronehoeonstrietion, a reduction in the luminal diameter of the 
airways, inereasing resistanee to airflow. Excessive parasympathetie stimula- 
tion, as in asthma, ean almost eompletely prevent airflow along the terminal 
bronehioles. 

Eaeh terminal bronehiole delivers air to a single pulmonary lobule. 
Within the lobule, the terminal bronehiole branehes into several respiratory 
bronehioles. These are the thinnest and most delieate branehes of the bron- 
ehial tree. Their walls are ineomplete and lined by a simple cuboidal epithe- 
lium that laeks eilia (Figure 24.13b). Terminal bronehioles deliver air to the 
exchange surfaces of the lungs. 


Alveolar Diiets and Alveoli 

► KEY POINT Alveolar ducts are respiratory pathways with ineomplete walls 
and alveoli at their most distal segment. Gas exchange occurs aeross the respira- 
tory membrane. 

Respiratory bronehioles are eonneeted to individual alveoli and to multiple 
alveoli along regions ealled alveolar ducts. Alveolar ducts end at alveolar 
saes, eommon ehambers eonneeted to multiple alveoli (singular, a\veolus). 
Eaeh lung eontains about 150 million alveoli, giving the lungs an open, spongy 
appearanee. Alveolar ducts are lined with simple squamous epithelium. Iso- 
lated smooth muscle eells are found in the interalveolar septa of these alve- 
olar ducts, and an extensive network of eapillaries surrounds eaeh alveolus 


(Figures 24.13 and 24.14). The eapillaries are surrounded by a network of 
elastie fibers. This elastie tissue maintains the positions of the alveoli, alveo- 
lar ducts, and respiratory bronehioles. During inspiration these elastie fibers 
streteh. During expiration they reeoil, reducing the size of the alveoli and 
assisting the proeess of expiration. 

The Alveolus and the Blood Air Barrier 

The alveolar eell layer eonsists mainly of simple squamous epithelium 
gure 24.14a,b! . The squamous epithelial eells, ealled type I alveolar eells, 
are unusually thin and are the sites of gas diffusion. Roaming alveolar maero- 
phages patrol the epithelial surface. They engulf any partieles that have eluded 
other defenses. Large type II alveolar eells are seattered among the squamous 
eells. Type II alveolar eells produce surfactant (sur-FAK-tant), an oily seeretion 
eontaining phospholipids and proteins. Surfactant plays a key role in keeping 
the alveoli open. Surfactant interaets with water molecules, reducing surface 
tension and preventing the eollapse of the alveoli. 

Gas exchange occurs aeross the three-layered blood air barrier of the 
alveoli. This barrier is made up of (1) the alveolar eell layer, (2) the eapil- 
lary endothelial layer, and (3) the fused basement membrane between them 
(Figure 24.14c). 

Gas exchange ean take plaee quickly and effieiently at the blood air bar- 
rier, as only a very short distanee separates alveolar air from blood. Diffusion 
proeeeds very rapidly because the distanee is short and both oxygen and earbon 
dioxide are small, lipid-soluble molecules. In addition, the surface area of the 
blood air barrier is very large. 

The Blood Supply to the Lungs 

► KEY POINT The lungs reeeive blood from two sources: the pulmonary circuit 

and the bronehial arteries of the systemie circuit. 

The respiratory exchange surfaces reeeive blood from arteries of the pulmonary 
circuit. The pulmonary arteries enter the lungs at the hilum and braneh with 
the bronehi as they approaeh the lobules. Eaeh lobule reeeives an arteriole, and a 
venule and a network of eapillaries surround eaeh alveolus as part of the blood air 
barrier. Blood from the alveolar eapillaries passes through the pulmonary venules 
and then enters the pulmonary veins, which deliver the blood to the left atrium. 



CLINICAL NOTE 


Lung Cancer 


Lung eaneer is an aggressive elass of malignaneies; more 
people die of it than any other type of eaneer. Lung eaneer 
affeets the epithelial eells lining conducting passageways f mucous 
glands, or alveoli. Signs and symptoms generally do not appear 
until tumors restriet airflow or eompress adjaeent structures. Chest 
pain, shortness of breath, a cough or a wheeze f and weight loss 
are eommon. Evidenee has shown that 85-90 pereent of all lung 
eaneers are the direet result of eigarette smoking. Treatment 
varies with the cellular organization of the tumor and whether 
metastasis (eaneer eell migration) has occurred. If deteeted when 
the disease is still loealized (within the lungs) # the five-year surviva 
rate is 54 pereent. Sadly, only 15 pereent of lung eaneers are diag- 
nosed at this early stage. If the disease has already metastasized, 
the five-year survival rate is less than 5 pereent. Surgery f radiation, 
or ehemotherapy may be involved. 




638 The Respiratory System 


www.ebook3000.com 


















Figure 24.13 Bronehi and Bronehioles 
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Figure 24.14 Alveolar Organization 




Structure of the distal end of a single lobule, cut 
to reveal the arrangement between the alveolar 
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Diagrammatie seetional view of alveolar structure and the respiratory membrane. 
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In addition to providing for gas exchange, the endothelial eells of the 
alveolar eapillaries are the primary source of angiotensin-eonverting 
enzyme (ACE), which eonverts circulating angiotensin I to angiotensin II. 
This enzyme plays an important role in regulating blood volume and blood 
pressure. 

The nasal passages and larynx of the conducting portions of the respiratory 
traet reeeive blood from the external earotid arteries. The thyroeervieal trnnks, 
which are branehes of the subclavian arteries, supply blood to the inferior 
portions of the larynx and the traehea. The bronehial arteries supply blood to 
the bronehial tree and alveoli .igure 24.13a] . The venous blood from these 


structures flows into the pulmonary veins, bypassing the rest of the systemie 
circuit and diluting the oxygen-rich blood leaving the alveoli. 



CONCEPT CHECK 

13 Why are there almost no eilia or mucous glands in 
the respiratory bronehiole? 

14 What is the function of the surfactant produced by 
the type II alveolar eells? 


5ee the blue Ansvvers tab at the baek of the book. 


640 The Respiratory System 


www.ebook3000.com 


































































CLINICAL NOTE 


Chronic Obstructive Pulmonary 
Disease (COPD) 


Chronic Obstructive Pulmonary Disease (COPD) is a group 
of disorders that restriets airflow and reduces alveolar ventilation 
Types include asthma, ehronie bronehitis, and emphysema. 


Asthma 

Asthma is an inflammatory disease of the lungs eharaeterized by 
bronehial inflammation, spasms # and difficulty breathing. It ean result 
from a hypersensitivity reaetion (allergy), eold temperature # or exercise. 
During an asthmatie attaek, smooth rrmsele spasms within the 
respiratory traet eonstriet and excessive mucus production make 
breathing difficult. Signs and symptoms include coughing # wheezing # 
shortness of breath # and ehest tightness. The sensation of asthma has 
been deseribed as breathing through a small straw. 
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Allergie asthma is a reaetion to environmental allergies such as ani- 
mal dander # dust mites # pollen # or mold. Non-allergie triggers include 
smoke # pollution # and eold air. Exercise-induced asthma is a response to 
physieal aetivity. 

The majority of ehildren who develop asthma do so before the age 
of 5. Although there is no cure for asthma # early diagnosis and aggres- 
sive treatment ean manage the symptoms. 

ehronie Bronehitis 

ehronie bronehitis results from recurrent # long-term inflammation 
and swelling of the bronehi. This ean lead to recurrent infeetions. There 
is excessive mucus production and a harsh cough with expectoration 
(coughing up mucus). To be elassified as ehronie bronchitis # the symp- 
toms must occur on most days # for more than 3 months of the year # for 
2 or more years in a row. The most eommon cause of ehronie bronehitis 
is eigarette smoking. ehronie bronehitis causes low blood oxygenation # 




eyanosis (bluish skin coloration) # and widespread inflammation # leading 
to the deseriptive term "blue bloaters" for people with this eondition. 


Ohronie Bronehitis 
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Emphysema 

Emphysema is a disorder eharaeterized by damaged and permanently 
enlarged alveoli, causing breathlessness. An emphysematous lung looks 
like an old # used sponge. The underlying issue is the destruction of 
alveolar surfaces and inadequate surface area for gas exchange. The 
alveoli expand and adjaeent alveoli merge to form large saeks. Because 
the lung tissue has lost its elastieity, air is trapped during expiration. 
People with emphysema use a great deal of energy to breathe and ean 
typieally maintain near normal blood oxygenation # and their skin is 
usually pink # leading to the deseriptive germ "pink puffers." The main 
cause of emphysema is smoking. 
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CLINICAL NOTE 


Respiratory Distress Syndrome (RDS) 

Neonatal Respiratory Distress Syndrome (RDS) is a breathing 
disorder of premature newborns in which the alveoli do not 
remain open because surfactant is absent or insufficient. Surfac- 
tant production begins at the end of the sixth month of fetal 
development; by the eighth month, surfactant has reaehed a 
level adequate to sustain respiratory function. Without enough 
surfactant the alveoli tend to eollapse during exhalation and 
stiek together, foreing the newborn to inhale with extra foree 
to reopen the alveoli on the next breath. The infant beeomes 
exhausted quickly # and gas exchange is ineffeetive. 

The risk is reduced if delivery ean be delayed until the fetal 
lungs are developed. Most eases occur in babies born before 37-39 
weeks of development. Other risk faetors include problems with 
the baby's blood flow during delivery, multiple pregnaney (twins or 
more), rapid labor, or a mother with diabetes. 

One treatment is administering continuous positive airway 
pressure (ePAP), a technique of delivering air under pressure to hold 
the alveoli open. This ean keep the newborn alive until surfactant 
production rises to normal levels. Another treatment is administer- 
ing synthetie surfactant through an endotraeheal tube immediately 
after delivery and several times during the first few days of life until 
the eondition resolves. 

Adult respiratory distress syndrome (ARDS) is caused by 
inadequate surfactant production that leads to alveolar eollapse on 
exhalation. It ean result from severe respiratory infeetions or pul- 
monary injuries. The eondition is treated by positive end-expiratory 
pressure (PEEP), a technique in which airway pressure greater than 
atmospherie pressure is aehieved at the end of exhalation by a deviee. 
The PEEP procedure maintains life until the underlying problem ean 
heal, but ARDS has a high mortality rate. 



24.7 The Pleural Cavities and Pleural 

Membranes 

► KEY POINT The pleural membrane eonsists of two layers: the parietal pleura 
and the viseeral pleura. 

The thoraeie eavity has the shape of a broad eone. Its walls are the rib 
eage, and the muscular diaphragm forms the floor. The two pleural eavities 
are separated by the mediastinum igures 24.10a and 24.1 . Eaeh lung 

occupies a single pleural eavity, lined by a serous membrane, or pleura 
(PLOO-ruh; plural, plernae). The pleural membrane eonsists of two eon- 
tinuous layers. The parietal pleura eovers the inner surface of the tho- 
raeie wall, the superior surface of the diaphragm, and the surfaces of the 
mediastinum. The viseeral pleura eovers the outer surfaces of the lungs 
and extends into the fissures between the lobes. The spaee between the 
parietal and viseeral pleurae is ealled the pleural eavity. t) pp. 19-20 Eaeh 
pleural eavity is actually a “potential spaee” rather than an open eham- 
ber because the parietal and viseeral layers are in elose eontaet. Both pleu- 
ral membranes seerete a small amount of pleural fluid, a moist, slippery 
eoating that lubricates. It reduces frietion between the parietal and viseeral 
surfaces as you breathe. 

Inflammation of the pleurae, a eondition ealled pleurisy, may 

(1) cause the membranes to produce and seerete excess pleural fluid or 

(2) cause the inflamed pleurae to adhere to one another, limiting move- 
ment. In either ease, breathing beeomes difficult, and prompt medieal 
attention is required. 



CONCEPT CHECK 

15 What is the function of pleural fluid? 

See the blue Ansvvers tab at the baek of the book. 


Figiire 24.1 Anatomieal Relationships in the Thoraeie Cavity. The relationships among thoraeie 
structures are best seen in a horizontal seetion. This is an ìnferior view of a seetion taken at the level of T Q . 
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24.8 Respiratory Musdes and Pulmonary 

Ventilation 

► KEY POINT Pulmonary ventilation (breathing) moves air into and out of the 
alveoli. 

Pulmonary ventilation, or breathing, physieally moves air into and out of the 
lungs. The function of pulmonary ventilation is to maintain adequate alveolar 
ventilation, the movement of air into and out of the alveoli. Alveolar ventila- 
tion prevents the buildup of earbon dioxide in the alveoli and ensures a eontin- 
ual supply of oxygen that keeps paee with absorption by the bloodstream. 

Respiratory Musdes 

► KEY POINT The diaphragm and external intereostal muscles are the primary 
muscles of respiration. Respiratory movements are elassified as eupnea or hyperpnea. 

Chapters 10 and 11 introduced the skeletal muscles involved in respiratory 
movements. The most important muscles involved in breathing are the dia- 
phragm and the external intereostals. Respiratory muscles are elassified as 

primary respiratory mnseles and the aeeessory respiratory muscles 

(Spotlight Figure 24.16). 


24.9 Respiratory ehanges at Birth 

► KEY POINT A developing fetus does not use its lungs for gas exchange. At 
birth, several signifieant ehanges occur in the anatomy of the respiratory system. 

There are several important differenees between the respiratory system of a fetus 
and that of a newborn infant. Before delivery, pulmonary arterial resistanee is 
high because the pulmonary vessels are eollapsed. The rib eage is eompressed, 
and the lungs and conducting passageways eontain only small amounts of fluid 
and no air. 

At birth, the newborn infant takes a truly heroie first breath thanks to 
powerful eontraetions of the diaphragm and external intereostal muscles. The 
inspired air enters the passageways with enough foree to push the fetal fluids 
out of the way and inflate the entire bronehial tree and most of the alveoli. The 
same drop in pressure that pulls air into the lungs pulls blood into the pulmo- 
nary circulation. The ehanges in blood flow cause the foramen ovale and the 
ductus arteriosus to elose. t) pp. 596-598 

The newborn' s first exhalation fails to eompletely empty the lungs because 
the rib eage does not return to its former, fully eompressed state. The support- 
ing eartilages and other eonneetive tissues keep the conducting passageways 
open, and the surfactant eovering the alveolar surfaces prevents their eollapse. 
Subsequent breaths eomplete the inflation of the alveoli. 


Respiratory Movements 

We use our respiratory muscles in various eombinations, depending on the vol- 
ume of air that must be moved into or out of the lungs. Respiratory movements 
are elassified as eupnea or hyperpnea, based on whether expiration is passive or 
aetive (Spotlight Figiire 24.16). 

During eupnea, expansion of the lungs stretehes their elastie fibers. In 
addition, elevation of the rib eage stretehes skeletal muscles and elastie fibers 
in the eonneetive tissues of the body wall. When the inspiratory muscles relax, 
these elastie structures reeoil, returning the diaphragm and rib eage to their 
original positions. 

Eupnea may involve diaphragmatie breathing or eostal breathing. 

■ During diaphragmatie breathing, or deep breathing, eontraetion of the 
diaphragm provides the neeessary ehange in thoraeie volume. Air is drawn 
into the lungs as the diaphragm eontraets, and exhalation occurs when the 
diaphragm relaxes. 

■ In eostal breathing, or shallovv breathing, the thoraeie volume ehanges 
because the rib eage ehanges shape. Inhalation occurs when eontraetion of 
the external intereostal muscles elevates the ribs and enlarges the thoraeie 
eavity. Exhalation occurs when these muscles relax. During pregnaney 
women inereasingly rely on eostal breathing as the uterus enlarges and 
pushes the abdominal viseera against the diaphragm. 

During hyperpnea, aeeessory muscles assist with inspiration, and expiration 
involves eontraetion of the transversus thoraeis and internal intereostal mus- 
eles. When we breathe at maximum levels, such as during vigorous exercise, we 
also use our abdominal muscles in exhalation. Their eontraetion eompresses 
the abdominal eontents, pushing them up against the diaphragm, reducing the 
volume of the thoraeie eavity. 



CONCEPT CHECK 

16 Athletes eommonly try to eateh their breath after 
strenuous exercise by standing with their hands on 
their thighs while breathing deeply. Is this the best way 
to inerease the flow of air into their lungs? Explain. 


5ee the blue Ansvvers tab at the baek of the book. 



CONCEPT CHECK 

17 Summarize the ehanges that occur in a newborn 
infant's cardiovascular and respiratory systems as a 
newborn infant starts to breathe. 


5ee the blue Ansvvers tab at the baek of the book. 


24.10 Respiratory Centers of the Brain 

► KEY POINT Resp iratory eenters within the brain regulate the aetivities of the 
respiratory muscles by adjusting the frequency and depth of pulmonary ventilation. 

Under normal eonditions, oxygen absorption and earbon dioxide generation are 
matehed because of the rates of oxygen delivery and earbon dioxide removal 
by the eapillary beds. When these rates are not equal, the cardiovascular and 
respiratory systems make eoordinated adjustments to meet the body's ehanging 
demands. The regulatory eenters eoordinating the responses by these systems 
are loeated in the pons and medulla oblongata. 

The respiratory eenters are three pairs of loosely organized nuclei in the 
reticular formation of the pons and medulla oblongata igure 24.17 . These 
nuclei regulate the aetivities of the respiratory muscles by adjusting the fre- 
quency and depth of pulmonary ventilation. 

The respiratory rhythmieity eenters set the basie paee and depth of res- 
piration. They are subdivided into a dorsal respiratory group (DRG) and 
a ventral respiratory group (VRG) igure 24.11 . The dorsal respiratory 
group, or inspiratory eenter, eontrols motor neurons innervating the external 
intereostal muscles and the diaphragm. This group functions in every respira- 
tory eyele, whether quiet or foreed. The ventral respiratory group functions only 
during foreed respiration. It innervates motor neurons eontrolling aeeessory 
muscles involved in aetive exhalation and maximal inhalation. The neurons 
involved with aetive exhalation are sometimes ealled an expiratory eenter. 

The apneustic (ap-NU-stik) and pneumotaxic (nu-mò-TAKS-ik) eenters 
of the pons are paired nuclei that adjust the output of the rhythmieity 
eenter gure 24.1 . This modifies the paee of respiration. These een- 

ters adjust the rate and depth of respiration in response to sensory stimuli or 
instmetions from higher eenters. 
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SPOTLIGHT 


FIGIIRE 24.16 


Respiratory Muscles and Pulmonary Ventilation 
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The Respiratory Muscles 
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The Meehanies of Breathing 


The most important skeletal muscles involved in respiration (breathing) are the diaphragm and 
the external intereostal muscles. These muscles are the primary respiratory muscles and are 
aetive during normal breathing at rest. The aeeessory respiratory muscles beeome aetive 
when the depth and rate of breathing must be inereased markedly, such as during exercise. 
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Air movement into and out of the respira- 
tory system occurs by ehanging the volume 
of the lungs. This proeess is ealled 
pulmonary ventilation. The ehanges 
of volume in the lungs take plaee 
through the eontraetion of skeletal 
muscles—speeifieally, 
the diaphragm and 
those that insert on 
the rib eage. As the 
ribs are elevated or 
the diaphragm 
eontraets and 
flattens, the volume 
of the thoraeie eavity 
inereases and air 
moves into the lungs. 

The outward move- 
ment of the ribs as they 
are elevated resembles 
the outward swing of a 
raised bucket handle. 
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Respiratory Movements 


Respiratory muscles may be used in various eombinations, depending on the volume of air that must be moved in or 
out of the lungs. In eupnea (quiet breathing), inhalation involves muscular eontraetions, but exhalation is a passive 
proeess that relies on the elastie reeoil of the ribs, muscles, and lungs. Hyperpnea (foreed breathing) requires the 
assistanee of the aeeessory respiratory muscles for aehieving inhalation and exhalation. 
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Inhalation 

Inhalation is an aetive 
proeess. It primarily 
involves the 
diaphragm and 
the external 
intereostal 
muscles, with 
assistanee 
from the 
aeeessory 
respiratory 
muscles as 
needed. 
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Normal breathing occurs automatically, without conscious eontrol. Three 
different reflexes are involved in regulating respiration: (1) meehanoreeeptor 
reflexes respond to ehanges in the volume of the lungs or to ehanges in arte- 
rial blood pressure; (2) ehemoreeeptor reflexes respond to ehanges in the P CQ2 , 
pH, and P Q2 of the blood and eerebrospinal fluid; and (3) proteetive reflexes 
respond to physieal injury or irritation of the respiratory traet. 

Figure 24.1z Respiratory Centers and Reflex Controls. This figure 
shovvs the relationships betvveen the respiratory eenters and other 
faetors assoeiated vvith respiration. Pathvvays for conscious eontrol over 
respiratory muscles are not shovvn. 
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= Stimiilation 


= Inhibition 


Higher eenters influence respiration by their eonneetions to the pneumo- 
taxic eenter and by their direet influence on respiratory muscles. These higher 
eenters are found in the eerebmm, espeeially the eerebral cortex, and in the 
hypothalamus. Pyramidal output provides conscious eontrol over the respira- 
tory muscles. However, these muscles reeeive most of their instmetions by the 
extrapyramidal pathways. In addition, the respiratory eenters are embedded in 
the reticular formation. Almost every sensory and motor nucleus has some eon- 
neetion with this complex. As a result, emotional and autonomic aetivities also 
affeet the paee and depth of respiration. 



CONCEPT CHECK 

18 Stimulation of vvhieh respiratory eenter(s) would 
inerease the rate and depth of breathing? 


See the blue Ansvvers tab at the baek of the book. 


24.11 Aging and the Respiratory System 

► KEY POINT Aging produces signifieant ehanges in the respiratory system that 
reduce its effieieney. 

Many faetors interaet to reduce the effieieney of the respiratory system in 

elderly individuals. Four examples are particularly noteworthy: 

o VVith inereasing age, elastie tissue throughout the body deteriorates. This 
reduces the lungs’ ability to inflate and deflate. 

o Arthritie ehanges in the joints of the ribs and deereased flexibility of the 
eostal eartilages restriet movements of the rib eage. 

o A stiffening and reduction in ehest movement limits the respiratory vol- 
ume. This restrietion contributes to reducing exercise performanee and 
eapabilities. 

o Some degree of emphysema appears in many individuals after age 50. On 
average, roughly 1 square foot of the blood air barrier is lost eaeh year after 
age 30. However, this varies widely, depending on lifetime exposure to 
tobaeeo smoke and other respiratory irritants. 



CONCEPT CHECK 

19 Your 80-year-old grandfather asks you why he has 
more difficulty eatehing his breath after his daily 
bieyele ride now as eompared to just 10 years ago. 
How should you explain this to him? 


5ee the blue Ansvvers tab at the baek of the book. 
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EMBRYOLOGY S U M M ARY 

For an introduction to the development of the respiratory system, see Chapter 2 8 
(Embryology and Human Development). 
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Study Outline 


lntroduction p.625 

24.1 An Overvievv of the Respiratory System and 

Respiratory Traet p.625 

The respiratory system includes the nose f nasal eavity and 
sinuses f pharynx f larynx f trachea f and conducting passagevvays 
leading to the exchange surfaces of the lungs. fSee Figure 24.1.) 

The upper respiratory system eonsists of the paranasal sinuses f 
nasal eonehae, nose f nasal cavity f and nasopharynx. These 
structures begin the proeess of filtration and humidification of the 
ineoming air. The lower respiratory system includes the larynx f 
trachea f lungs f bronchi f bronchioles f and alveoli of the lungs. 

The respiratory traet eonsists of a conducting portion f vvhieh 
extends from the entranee to the nasal eavity to the bronchioles f 
and a respiratory portion f vvhieh includes the respiratory 
bronehioles and the alveoli. fSee Figure 24.1.) 

Functions of the Respiratory System p. 626 

The respiratory system (1) provides an area for gas exchange 
betvveen air and circulating blood f (2) moves air to and from 
exchange surfaces f (3) proteets respiratory surfaces f (4) defends the 
respiratory system and other tissues from pathogens f (5) permits 
voeal communication f and (6) helps regulate blood volume and 
pressure and body fluid pH. 


The Respiratory Epithelium p. 626 

The respiratory epithelium lines the conducting portions of the 
respiratory system down to the level of the terminal bronehioles. 


The respiratory epithelium eonsists of a pseudostratified eiliated 
columnar epithelium with mucous eells. fSee Figure 24.2.) 

The respiratory epithelium produces mucus that traps ineoming 
partieles. Llnderneath is the lamina propria (a layer of eonneetive 
tissue); the eombined respiratory epithelium and lamina propria 
form a mucosa (mucous membrane). fSee Figure 24.2.) 


The respiratory defense system includes mucous glands and 
the mucus produced (which washes partieles toward the stomach) f 
alveolar macrophages f hairs f and eilia. 




24.2 The Upper Respiratory System p.627 

The Nose and Nasal Cavity p. 627 

Air normally enters the respiratory system via the nostrils, or 
nares, which open into the nasal eavity. The nasal vestibule 

(entryway) of the nose is guarded by hairs that sereen out large 
partieles. fSee Figures 24.3, 24.4, and 24.5.) 


ineoming air flows through the superior, middle, or inferior 
meatuses (narrow grooves) and bounces off the eonehal surfaces. 
(See Figure 24.4.) 


The hard palate separates the oral and nasal eavities. The soft 
palate separates the superior nasopharynx from the oral eavity. The 
eonneetions between the nasal eavity and nasopharynx represent the 
posterior nasal apertures. (See Figures 24.3, 24.4, and 24.5.) 


The Pharynx p. 629 

The pharynx is a ehamber shared by the digestive and respiratory 
systems. The nasopharynx is the superior part of the pharynx. 
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The oropharynx is continuous with the oral eavity; the 
laryngopharynx includes the narrow zone between the hyoid and 
the entranee to the esophagus. fSee Figures 24.4a and 24.5.) 

24.3 The Lovver Respiratory System p.630 

The Larynx p. 630 

Inhaled air passes through the glottis en route to the lungs; the 
larynx surrounds and proteets the glottis. The epiglottis projeets 
into the pharynx. (5ee Figures 24.4, 24.5, 24.6, and 24.7.) 

Two pairs of folds span the glottal opening: the relatively inelastie 
vestibular folds and the more delieate voeal folds. Air passing 
through the glottis vibrates the voeal folds and produces sound. 
(5ee Figure 24.7.) 

The intrinsie laryngeal muscles regulate tension in the voeal folds 
and open and elose the glottis. The extrinsic laryngeal muscles 
position and stabilize the larynx. During swallowing f both sets of musc!es 
help to prevent partieles from entering the glottis. (5ee Figure 24.8.) 

24.4 TheTraehea p .632 

The traehea ( ## windpipe ff ) extends from the sixth eervieal vertebra 
to the fifth thoraeie vertebra. The submucosa eontains C-shaped 
traeheal eartilages that stiffen the traeheal walls and proteet 
the airway. The posterior traeheal wall ean distort to permit large 
masses of food to move along the esophagus. f5ee Figures 24.2a, 

24.4a, 24.5, and 24.9.) 


24.5 The Main Bronehi p. 632 

The traehea branehes within the mediastinum to form the right 
and left main bronehi. The main bronehi and their branehes form 
the bronehial tree. Eaeh bronchus enters a lung at the hilum. The 
root of the lung is a eonneetive tissue mass including the bronchus f 
pulmonary vessels f and nerves. (5ee Figure 24.9a.) 

24.6 TheLimgs p. 633 

Lobes and Fissures of the Lungs p. 633 

The lobes of the lungs are separated by fissures. The right lung 
has three lobes: superior, middle, and inferior with an oblique 
fissure separating superior and inferior and a horizontal fissure 
separating superior and middle. The right lung also has three lobar f or 
seeondary, bronehi: the superior lobar, middle lobar, and inferior 
lobar bronehi. The left lung has two lobes: superior and inferior 
with an oblique fissure separating the lobes; and two lobar bronehi: 
superior lobar and inferior lobar bronehi. (See Figure 24.10.) 

Lung Surfaces p. 633 

The eostal surface of the lung follows the inner contours of the 
rib eage. The mediastinal surface eontains a hilum f and the left 
lung bears the eardiae noteh. (5ee Figure 24.10.) 

The eonneetive tissues of the root of eaeh lung extend inward as a 
series of trabeculae (partitions). These branehes form septa that 
divide the lung into lobules. 

The Main Bronehi p. 635 

The left and right main bronehi are outside the lung tissue. 
Branehes within the lung are surrounded by bands of smooth 
rrmsele. (5ee Figures 24.9, 24.11, 24.12, and 24.13.) 
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Eaeh lung is further divided into smaller units ealled 
bronchopulmonary segments. These segments are named 
aeeording to the assoeiated segmental bronehi. The right 
lung eontains 10 and the left lung usually eontains 8-9 
bronchopulmonary segments. fSee Figures 24.9, 24.11, and 24.12.) 

The Bronehioles p. 635 

VVithin the bronchopulmonary segments f eaeh segmental bronchus 
ultimately gives rise to terminal bronehioles that supply 
individual lobules. (See Figures 24.11 and 24.13.) 

Alveolar Dnets and Alveoli p. 638 

The respiratory bronehioles open into alveolar ducts; many 
alveoli are intereonneeted at eaeh duct. fSee Figures 24.13 and 
24.14.) 

The blood air barrier eonsists of a simple squamous epithelium 
of type I alveolar eells; type II alveolar eells seattered in it 
produce an oily seeretion (surfactant) that keeps the alveoli from 
eollapsing. Alveolar maerophages patrol the epithelium and 
engulf foreign partieles. (See Figure 24.14.) 

The Blood Supply to the Lungs p. 638 

The respiratory exchange surfaces are extensively eonneeted to 
the circulatory system via the vessels of the pulmonary circuit. fSee 
Figure 24.13a.) 

24.7 The Pleiiral Cavities and Pleural 

Membranes p.642 

Eaeh lung occupies a single pleural eavity lined by a pleura 
(serous membrane). The tvvo types of pleurae are the parietal 
pleura, eovering the inner surface of the thoraeie wall f and the 
viseeral pleura f eovering the lungs. Pleural fluid is seereted by 
both pleural membranes. (See Figures 24.1 Oa and 24.15.) 

24.8 Respiratory Musdes and Piilmonary 

Ventilation p.643 

Respiratory Muscles p. 643 

Pulmonary ventilation is the movement of air into and out 
of the lungs. The most important respiratory muscles are the 
diaphragm and the external and internal intereostal muscles. 
Contraction of the diaphragm inereases the volume of the 


thoraeie eavity; the external intereostals may assist in inspiration 
by elevating the ribs; the internal intereostals depress the ribs and 
reduce the width of the thoraeie cavity f thereby contributing to 
expiration. The aeeessory respiratory muscles beeome aetive 
when the depth and frequency of respiration must be inereased 
markedly. Aeeessory muscles include the sternocleidomastoid f 
serratus anterior f transversus thoracis f scalene f peetoralis minor f 
oblique f and rectus abdominis muscles. (See Spotlight Figure 24.16.) 

24.9 Respiratory Oianges at Birth p.643 

Before delivery f the fetal lungs are fluid-filled and eollapsed. At 
the first breath f the lungs inflate and never eollapse eompletely 
thereafter. 

24.10 Respiratory Centers of the Brain p.643 

The respiratory eenters are three pairs of nuclei in the reticular 
formation of the pons and medulla. The respiratory rhythmieity 
eenters set the paee for respiration. The apneustic eenter causes 
strong f sustained inspiratory movements f and the pneumotaxic 
eenter inhibits the apneustic eenter and the inspiratory eenter in 
the medulla oblongata. (See Figure 24.17.) 

Three different reflexes are involved in the regulation of 
respiration: (1) Meehanoreeeptor reflexes respond to ehanges in 
the volume of the lungs or to ehanges in arterial blood pressure; 

(2) ehemoreeeptor reflexes respond to ehanges in the P C02# pH f and 
P 02 of the blood and eerebrospinal fluid; and (3) proteetive reflexes 
respond to physieal injury or irritation of the respiratory traet. (5ee 
Figure 24.17.) 

Conscious and unconscious thought proeesses ean also eontrol 
respiratory aetivity by affeeting the respiratory eenters or 
eontrolling the respiratory muscles. 

24.11 Aging and the Respiratory System p. 645 

The respiratory system is generally less effieient in elderly people 
because (1) elastie tissue deteriorates f reducing the lungs' ability to 
inflate and deflate; (2) movements of the ehest eage are restrieted 
by arthritie ehanges and deereased flexibility of eostal eartilages; 

(3) a stiffing and reduction in ehest movements limits respiratory 
volumne f reducing exercise performanee and eapabilities; and 

(4) some degree of emphysema is normal. 


■ 


ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. extrinsic laryngeal musculature 

2. segmental bronehi. _ 

3. nasopharynx. 

4. vestibular folds. _ 

5. lower respiratory system 

6. traehea. _ 

7. dorsum of nose. _ 

8. lobar bronehi. _ 

9. upper respiratory system 

10. Iarynx. . 


(a) superior portion of the pharynx 

(b) bridge of the nose 

(e) nose f nasal cavity f paranasal sinuses f 
nasal conchae f and nasopharynx 

(d) windpipe 

(e) lobar bronehi 

(f) eontains and proteets the glottis 

(g) larynx f trachea f bronchi f bronehioles and 
alveoli of the lungs 

(h) provide proteetion for the voeal folds 

(i) positions and stabilizes the larynx 

(j) segmental bronehi 


11. Air entering the body is filtered, warmed f 
and humidified by the 

(a) upper respiratory traet. 

(b) lower respiratory traet. 

(e) lungs. 

(d) alveoli. 

12. Surfactant 

(a) proteets the surfaces of the lungs. 

(b) phagoeytizes small particulates. 

(e) replaees mucus in the alveoli. 

(d) helps prevent the alveoli from eollapsing. 
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13. Identify the structures of the respiratory 
system on the follovving diagram. 



(a)_ (b) 

(e) _ (d) 


14. The portion of the nasal eavity eontained 
vvithin the flexible tissues of the external nose 
is the 

(a) nasopharynx. 

(b) nasal vestibule. 

(e) internal ehamber. 

(d) glottis. 

15. What aspeet of laryngeal function would be 
impaired if the arytenoid and corniculate 
eartilages were damaged? 

(a) The air would not be able to enter. 

(b) The larynx would be unable to move up or 
downward during swallowing to ease the 
passing of a bolus. 

(e) Sound production would be impaired. 

(d) The person would be likely to ehoke. 
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16. The eartilage that serves as a base for the 
larynx is the 

(a) thyroid eartilage. 

(b) cuneiform eartilage. 

(e) corniculate eartilage. 

(d) erieoid eartilage. 

17. The voeal folds are loeated in the 

(a) nasopharynx. 

(b) oropharynx. 

(e) larynx. 

(d) traehea. 

18. The traehea 

(a) is lined by simple squamous epithelium. 

(b) is reinforeed with C-shaped eartilages. 

(e) eontains no mucous glands. 

(d) does not alter its diameter. 

19. The eartilage in the walls of the lobar and 
segmental bronehi 

(a) have a eompletely different function 
than do those of the traeheal rings. 

(b) support the bronehi and assist in keeping 
the lumens open. 

(e) are unusual among cartilaginous tissues 
in that they are highly vascular. 

(d) assist direetly in gas exchange by aeting 
as baffles to direet the airflow. 

Level 2 Reviewing Concepts 

1. The epithelium of the nasal vestibule 

(a) does not assist with filtration. 

(b) eontains many small short eilia. 

(e) eontains hairs that prevent only the smallest 
partieles from entering the nasal passages. 

(d) eontains eoarse hairs that guard the 
nasal opening from the entry of large 
partieles and inseets. 

2. Why does a person with a eold often have a 
stuffed-up nose? 

(a) The response of the nasal epithelium 
to irritants, such as those that cause 
the eommon eold, is to seerete greater 
amounts of mucus than normal to trap 
the virus partieles. 

(b) During the time that a person has a cold f 
air is easier to breathe if it is of much 
higher humidity than normal, and the 
presenee of the eold viruses stimulates 
mucus production to inerease that 
humidity. 

(e) Excess saliva is inhaled through the 
posterior nasal apertures when a person 
sneezes and fills the nasal eavity. 

(d) No known reason exists. 


3. How does deep breathing differ from eostal 
breathing? 

(a) In deep breathing, the thoraeie volume 
ehanges because the rib eage ehanges 
shape. 

(b) It moves air into and out of the bronehial 
tree f which does not occur in eostal 
breathing. 

(e) The diaphragm eontraets in deep 

breathing, while it does not eontraet in 
eostal breathing. 

(d) In deep breathing, muscles eontraet to 
assist in both inspiration and expiration. 

4. How many lobes does the right lung have? 

5. What is bronehodilation? 

6. What is the function of the alveolar 
maerophages? 

7. What is the function of the septa? 

8. What do the intrinsie laryngeal muscles do? 

9. Which paired laryngeal eartilages are 
involved with the opening and elosing of 
the glottis? 

10. What portion of the pharynx does the 
laryngopharynx include? 

Level 3 Critical Thinking 

1. What is the eondition ealled asthma, and 
how ean the symptoms be explained in 
anatomieal terms? 

2. A newborn infant was found dead, 
abandoned by the road. Among the many 
questions that the poliee would like to 
have answered is whether the infant was 
born dead or alive. After an autopsy, the 
medieal examiner tells them that the infant 
was dead at birth. How could the medieal 
examiner determine this? 
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CLINICAL CASE I WRAP-UP 

L___I_ A 


How Long Should This Cough Last? 

Andrea thinks a typieal cough should last only about a week. In 
reality, however 7 coughs caused by eolds and flu tend to last about 
18 days. Andrea believes that antibioties cured her previous cough 7 
but antibioties only work against baeteria. If a virus caused her 
previous cough # her body's immune system likely resolved the cough 
on its own during the normal course of the illness. It is worth noting 
that viruses cause 90 pereent of acute upper respiratory infeetions. 

Fever is the body's innate immunity at work. Excessive mucus 
production # leading to a productive cough and runny nose, indieates 
that the immune system is working. The excessive mucus produced by 
the respiratory mucosa builds up and irritates the traehea and bronehi. 
This causes parasympathetie reflexive coughing. The explosive ejeetion 
of air and mucus against a suddenly open glottis helps elear away eold 
viruses. However # it ean also spread these viruses to new hosts. 

Andrea's doetor does not preseribe antibioties because they are 
ineffeetive against viruses. However # she does advise Andrea to rest, 
drink plenty of fluids # and use a vaporizer and saline nasal spray to 
humidify the nasal passages. She eoaehes Andrea on "good coughing 
technique" to minimize the risk of spreading her eold to other people. 
For the duration of her cough # Andrea also wears a mask to avoid 
spreading this virus to her lab partners. 



1. Should Andrea should take medieine to suppress her acute # produc- 
tive cough? Explain. 

2. Which structures of Andrea's respiratory system seem to be infeeted 
by this rhinovims? 

See the blue Ansvvers tab at the baek of the book. 



Related eiinieal Terms 


aspirate: To draw fluid from the body by 
suction; foreign material aeeidentally sucked 
into the lungs. 

bronehography: A procedure in which 
radiopaque materials are introduced into 
the airways to improve x-ray imaging of the 
bronehial tree. 

Cheyne-Stokes breathing: Hyperpnea (deep, 
fast breathing) alternating with apnea 
(absenee of breathing). 

á 






dyspnea: The eondition of labored breathing. 

endotraeheal tube: Tube that is passed 
through the mouth or nose to the traehea. 

hemothorax: The eondition of having blood 
in the pleural eavity. 

hyperbarie oxygenation: Therapy to foree 
more oxygen into the blood by use of a 
pressure ehamber. 


orthopnea: Condition in which one has breathing 
difficulty except when in an upright position. 

rhinoplasty: Plastie surgery of the nose. 

sputum: A mixture of saliva and mucus 
coughed up from the respiratory traet, 
often as the result of an infeetion. 

wheeze: An audible whistling sound when 
breathing. 
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this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 



Deseribe the histologieal organization of the 
four layers of the digestive traet. 

Outline the gross and mieroseopie anatomy of 
the tongue, teeth, and salivary glands. p. 655 

Deseribe the structure and function of the 
pharynx. p. 661 

Outline the gross and mieroseopie anatomy of 
the esophagus. p. 661 

Deseribe the gross and mieroseopie anatomy of 
the stomaeh. p. 663 

Deseribe the gross and mieroseopie anatomy of 



CLINICAL 


An Unusual Transplant 


the small intestine. p. 668 

Deseribe the gross and mieroseopie anatomy of 
the large intestine and eompare and eontrast it 
to that of the small intestine. p. 672 

Deseribe the anatomy of the liver, gallbladder, 
and panereas. p. 675 

Deseribe the ehanges in the digestive traet that 
occur with aging. p. 682 


Tayvian has been hospitalized for 2 weeks and is taking antibioties for a 
stubborn ease of pneumonia. Now, although his cough has resolved, he has 
watery diarrhea (#7 on the Bristol stool ehart) 10 times a day. The last few 
times it was bloody. He has no appetite and has erampy abdominal pain. He 
has a fever and is losing weight. 

His doetor enters the room with results of tests performed on his feees. 


## 


am afraid the normal # helpfuI baeteria that live in your eolon have been 


killed off by the antibioties that cured your pneumonia. Now harmful 
baeteria —Clostridium diffieile —have taken over," reports the doetor. "They are 
producing toxins that are causing eolitis (inflammation of the eolon). The usual 
treatment is more antibioties." 


## 


Doetor," admits Tayvian, "I don't think I ean take any more antibioties. 


feel worse than when I eame in here. 


## 


The doetor replies, "Well, I have an idea: a transplant from one of your healthy. 


adult grandehildren. It is a little unusual # so you need to keep an open mind. 


## 


What kind of transplant ean possibly help Tayvian? To find out f turn to 
the dinieal Case Wrap-Up on p. 686. 
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FEW OF US THINK ABOUT OUR DIGESTIVE SYSTEM unless it malfunctions, 
yet eaeh day we spend conscious effort filling and emptying it. Referenees to 
this system are part of our everyday language. We may have a “gut feeling” or 
find an opinion “hard to swallow. ,, 

A muscular tube ealled the digestive traet (or alimentary eanal ) and 
various aeeessory organs make up the digestive system. The digestive traet 
includes the oral eavity ( mouth ), pharynx, esophagus, stomaeh, small intestine, 
and large intestine. The aeeessory organs include the teeth, tongue, and various 
glandular organs, such as the salivary glands, liver, gallbladder, and panereas. 
The aeeessory glandular organs seerete water, enzymes, buffers, and other eom- 
ponents into ducts emptying into the digestive traet. As food enters and passes 
along the digestive traet, the seeretions prepare nutrients for absorption aeross 
the digestive traet epithelium. The digestive traet and aeeessory organs work 
together to perform the following functions: 

■ Ingestion: Ingestion occurs when foods and liquids enter the digestive traet 
via the mouth. 

■ Meehanieal proeessing: Most ingested solids undergo meehanieal proeess- 
ing by the tongue and teeth before they are swallowed. Swirling, mixing, 
churning, and propulsive motions of the digestive traet provide additional 
meehanieal proeessing after swallowing. 

■ Digestion: Digestion is the ehemieal and enzymatie breakdown of complex 
sugars, lipids, and proteins into small organie molecules that are absorbed 
by the digestive epithelium. 

■ Seeretion: Digestion involves the aetion of aeids, enzymes, and buffers pro- 
duced by aetive seeretion. Some of these seeretions are produced by the lin- 
ing of the digestive traet, but most are produced and seereted by aeeessory 
organs, such as the panereas. 

■ Absorption: Absorption is the movement of organie molecules, eleetrolytes, 
vitamins, and water aeross the digestive epithelmm and into the interstitial 
fluid of the digestive traet. 

■ Excretion: Excretion is the elimination from the body of the undigested 
residue of food and the waste products of metabolism. Waste products are 
seereted into the digestive traet, primarily by the aeeessory glands, espe- 
eially the liver. 

■ Compaction: Compaction is the progressive dehydration of undigested 
materials and organie wastes prior to excretion from the body. The eom- 
paeted material is ealled feees. Defeeation (def-e-KÀ-shun) is the elimi- 
nation of feees from the body through the anus. 

The lining of the digestive traet plays an important defensive role by pro- 
teeting surrounding tissues against (1) the eorrosive effeets of digestive aeids 
and enzymes, (2) meehanieal stresses, such as abrasion, and (3) pathogens that 
are swallowed with food or reside within the digestive traet. 

In smnmary, the organs of the digestive system meehanieally and ehemi- 
eally proeess food that is eaten and passed along the digestive traet. These aetivi- 
ties reduce the solid, complex ehemieal structures of food into small molecules. 
The epithelium lining the digestive traet absorbs these small molecules for 
transfer to the circulating blood. 

25.1 An Overview of the Digestive 

System 

ugure 25.1 shows the major eomponents of the digestive system. Although 
several of the organs have overlapping functions, eaeh has eertain areas of spe- 
eialization and shows distinetive histologieal eharaeteristies. Before discussing 
these speeializations and distinetions, let's eonsider the basie structural eharae- 
teristies eommon to all portions of the digestive traet. 


Histologieal Organization of the Digestive Traet 

► KEY POINT Most organs of the digestive traet have four histologieal layers: 
the (1) miieosa, (2) submucosa, (3) muscular layer, and (4) serosa. Just as the func- 
tions of the different organs of the digestive traet vary, these layers differ histo- 
logieally from one organ to another. 

The major layers of the digestive traet are the (1) mucosa, (2) submucosa, 
(3) muscular layer, and (4) serosa. Variations in the structure of these four layers 
from organ to organ are related to the speeifie functions of eaeh organ ure 25.2 . 

The Mucosa 

The miieosa, the inner lining of the digestive traet, is a mucous membrane, 
which is a layer of loose eonneetive tissue eovered by an epithelium moistened 
by glandular seeretions. p. 71 The mucosal epithelium is either a stratified 
or a simple epithelium, depending on the loeation and the stresses involved. For 
example, the oral eavity and esophagus are lined by a nonkeratinized stratified 
squamous epithelium that resists stress and abrasion. In eontrast, the stomaeh, 
small intestine, and almost the entire large intestine encounter eonsiderably less 
stress and abrasion than the oral eavity and esophagus. As a result, these struc- 
tures have a simple columnar epithelium speeialized for seeretion and absorption. 

Many segments of the digestive traet have circular folds or plieae 
(PLl-se; singular, pliea [PLÍ-kà]) eireiilares. ìgure 25.2 . These transverse or 
longitudinal folds of the mucosa inerease the surface area available for absorp- 
tion and seeretion. In some regions of the digestive traet, circular folds are per- 
manent features involving both the mucosa and submucosa. In other regions, 
circular folds are temporary features that disappear as the lumen fills, enabling 
the lumen to expand after a large meal. Ducts opening onto the epithelial sur- 
faees earry the seeretions of gland eells loeated either in the mucosa and sub- 
mucosa or within aeeessory organs. 

A layer of areolar eonneetive tissue is found deep to the epithelium of the 
mucosa. This layer, the lamina propria, eontains blood vessels, sensory nerve 
endings, lymphatie vessels, smooth muscle fibers, and seattered areas of lymphatie 
tissue. In most regions of the digestive traet the border of the mucosa is a nar- 
row band of smooth muscle and elastie fibers. This band of smooth muscle is 
ealled the muscularis (mus-ku-LA-ris) mucosae. The smooth muscle fibers in 
the muscularis mucosae are arranged in two thin eoneentrie layers—an internal 
circular layer and an external longitudinal layer gure 25.2 . Contraction of 
these layers alters the shape of the lumen and moves the epithelial pleats and folds. 

The Submucosa 

The submucosa (sub-mu-KÒ-sa) is a layer of areolar eonneetive tissue deep 
to the muscularis mucosae. Large blood and lymphatie vessels are found in 
this layer. In some regions of the digestive traet the submucosa also eontains 
exocrine glands that seerete buffers and enzymes into the lumen. The sub- 
mucosa eontains a network of nerve fibers and seattered neuron eell bodies. 
These submucous neural plexuses innervate the mucosa. They eontain sen- 
sory neurons, parasympathetie ganglia, and sympathetie postganglionie fibers 
(Figure 25.2). 

The Muscular Layer 

The muscular layer is a double layer of smooth muscle fibers deep to the 
submucosa. These smooth muscle fibers are arranged in internal circular 
and external longitudinal layers Figure 25.2 . These layers of smooth mus- 
ele meehanieally proeess and propel materials along the digestive traet. These 
movements are eoordinated by neurons of the myenterie (ml-en-TER-ik; mys, 
muscle, + enteron, intestine) neural plexus. This plexus, loeated between the 
two muscular layers, is eomposed of parasympathetie ganglia and sympathetie 
postganglionie fibers. Parasympathetie stimulation inereases muscular tone 
and stimulates eontraetions, while sympathetie stimulation deereases muscular 
tone and promotes relaxation. 
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Figure 25.1 Components of the Digestive System. This figure introduces the major regions and 
aeeessory organs of the digestive tract # together with their primary functions. 


Major Subdivisions of 
the Digestive Traet 


Oral Oavity 

Meehanieal proeessing, moistening, mixing 
with salivary seeretions 

Pharynx 

Muscular propulsion of materials into the 
esophagus 

Esophagus 

Transport of materials to the stomaeh 

Stomaeh 

ehemieal breakdown of materials by aeid 
and enzymes; meehanieal proeessing 
through muscular eontraetions 

Small Intestine 

Enzymatie digestion and absorption of 
water, organie substrates, vitamins, and ions 

Large Intestine 

Dehydration and eompaetion of indigestible 
materials in preparation for elimination 



Anus 


Aeeessory Organs of 
the Digestive System 


Salivary Glands 

Seeretion of lubricating fluid 
eontaining enzymes that 
break down earbohydrates 

Liver 

Seeretion of bile (important 
for lipid digestion), storage of 
nutrients, many other vital 
functions 

Gallbladder 

Storage and eoneentration of 
bile 

Panereas 

Exocrine eells seerete buffers 
and digestive enzymes; 
endoerine eells seerete 
hormones 


At speeifie loeations along the digestive traet there are thiekened areas of 
the muscular circular layer. These loealized thiekenings form sphineters, or 
valves. The sphineters eonstriet to restriet movement or to ensure one-way pas- 
sage of materials along the lumen. 



The Serosa 

Along regions of the digestive traet within the peritoneal eavity the muscular 
layer is eovered by a serous membrane known as the serosa igure 25.2 . 
There is no serosa, however, surrounding the muscular layer of the pharynx, 
esophagus, and rectum. Instead, the muscular layer is wrapped by a dense net- 
work of eollagen fibers that firmly attaehes the digestive traet to adjaeent struc- 
tures. This fibrous sheath is the adventitia (ad-ven-TISH-a). 


Muscular Layers and the Movement 
of Digestive Materials 

► KEY POINT The smooth muscle of the digestive traet eontraets spontane- 
ously, producing the rhythmie eontraetions of peristalsis and segmentation. 

The muscularis mucosae and muscular layer of the digestive traet eontain 
smooth muscle. Smooth muscle eells range from 5 to 10 /im in diameter and 
from 30 to 200 /mm in length. They are surrounded by eonneetive tissue, but 


unlike skeletal muscle, the eollagen fibers do not form tendons or aponeuro- 
ses. In addition, unlike skeletal muscle eells, the eontraetile proteins of these 
smooth muscle eells are not organized into sareomeres. Therefore, the smooth 
muscle eells laek striations. Although nonstriated, their eontraetions are as 
strong as those of skeletal or eardiae muscle eells. 

Because the eontraetile filaments of smooth muscle eells are not rigidly 
organized, a stretehed smooth muscle eell soon adapts to its new length and 
still retains the ability to eontraet on demand. This ability to tolerate extreme 
stretehing is ealled plastieity. Plastieity is espeeially important for digestive 
organs that undergo great ehanges in volume, such as the stomaeh. 

The smooth muscle eells of the digestive traet are involuntary mus- 
ele eells, and many have no autonomic nervous system motor innervation. 
Paeesetter eells are loeated in the muscularis mucosae and muscular layer 
that surround the lumen of the digestive traet. Paeesetter eells undergo 
spontaneous depolarization, triggering eontraetion of the smooth muscle. 
Gap junctions eleetrieally eonneet the adjaeent muscle eells. When one 
smooth muscle eell eontraets, the eontraetion spreads in a wave that trav- 
els throughout the tissue. The initial stimulus may be a paeesetter eell or a 
motor neuron stimulating one of the smooth muscle eells in that region. 
It may also be a loeal response to ehemieals, hormones, eoneentrations of 
oxygen or earbon dioxide, or physieal faetors such as extreme stretehing or 
irritation. 
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Figure 25.2 Histologieal Structure of the Digestive Traet 


Mesenterie artery and vein 



Submucosa 
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Mucosal 
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Lymphatie vessel 
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Circular muscle 
layer 
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Three-dimensional view of the histologieal 
organization of the general digestive traet 



An enlarged seetion of the digestive traet 
showing the structure of a circular fold 


Peristalsis and Segmentation 

Contractions within the muscularis mucosae that move a bolus (a small oval 
mass of food) along the digestive traet are ealled peristalsis (per-i-STAL-sis). 
During a peristaltie wave, the circular muscles eontraet behind the digestive 
eontents. Longitudinal muscles eontraet next, shortening adjaeent segments. 
A wave of eontraetion in the circular muscles then forees the materials in the 
desired direetion ure 25.3a). 

Most areas of the small intestine and some regions of the large intestine 
undergo segmentation gure 25.3b]. These movements churn and frag- 
ment the digestive materials, mixing the eontents with intestinal seeretions. 
They do not move the bolus in any particular direetion. 

Segmentation and peristaltie eontraetions are also triggered by hormones, 
ehemieals, and physieal stimulation. Afferent and efferent fibers of the glos- 
sopharyngeal, vagus, or pelvie nerves initiate peristaltie waves. Sensory reeep- 
tors in the wall of the digestive traet trigger loeal peristaltie movements that 
are limited to a few eentimeters of the digestive traet. These afferent fibers 
synapse within the myenterie neural plexus and produce loealized, short 
myenterie reflexes that do not involve the CNS. The term enterie nervous 
system refers to the neural network eoordinating these reflexes. 

In general, short reflexes eontrol aetivities in one region of the digestive 
traet. This eontrol involves eoordinating loeal peristalsis and triggering the seere- 
tion of digestive glands. Many neurons are involved—the enterie nervous system 
has about as many neurons and neurotransmitters as the spinal eord has. 

Sensory information from reeeptors in the digestive traet is also distrib- 
uted to the CNS, where it triggers long reflexes. Long reflexes involve interneu- 
rons and motor neurons in the CNS and provide a higher level of eontrol over 
digestive and glandular aetivities. These reflexes generally eontrol large-seale 
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Photomierograph of the ileum showing aspeets of 
the histologieal organization of the small intestine 
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Figure 25.3 Peristalsis and Segmentation 


Peristalsis 


Segmentation 


INITIAL STATE 


Longitudinal muscle 
Circular muscle 

From 

mouth 



1 


Contraction of 
circular muscles 
behind bolus 


Contraction 





Contraction of 
longitudinal muscles 
ahead of bolus 





Contraction 


Contraction 



A wave of 
eontraetion in 
circular muscle 
layer forees 
bolus forward 






Peristalsis propels materials along the length of the digestive traet by 
eoordinated eontraetions of the circular and longitudinal layers. 




Segmentation movements primarily involve the circular muscle layers. 
These aetivities churn and mix the eontents of the digestive traet, but 
do not produce net movement in a particular direetion. 


peristaltie waves that move materials from one region of the digestive traet to 
another. Long reflexes may involve motor fibers in the glossopharyngeal, vagus, 
or pelvie nerves that synapse in the myenterie neural plexus. 


TIPS & TOOLS 


Squeezing toothpaste out of a tube is similar to peristalsis: Your squeezing 
hand (eontraeting circular muscles) forees toothpaste (the bolus) along 
and out of the tube (the digestive traet). 


The Peritoneum 

► KEY POINT The peritoneum is a serous membrane with two parts: the 
viseeral peritoneum and parietal peritoneum. Mesenteries eonneet the viseeral 
and parietal peritoneal membranes. 

The peritoneum is a serous membrane with two parts. The viseeral peritoneum, 
or serosa, is continuous with the parietal peritoneum lining the inner sur- 
faees of the body wall. The organs of the abdominal eavity are often deseribed 
as lying vvithin the abdominal and peritoneal eavities. Abdominal organs 
demonstrate one or more of the following relationships with the peritoneal 
membranes: 
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■ Intraperitoneal organs lie within the peritoneal eavity, in that they are 
eovered on all sides by the viseeral peritoneum. The stomaeh, liver and 
ileum are intraperitoneal organs. 

■ Retroperitoneal organs are eovered by the parietal peritoneum on their 
anterior surface only, so they lie outside the peritoneal eavity. These organs 
typieally do not develop from the embryonie gut. The kidneys, ureters, and 
abdominal aorta are retroperitoneal. 

■ Seeondarily retroperitoneal organs are organs of the digestive traet 
that form as intraperitoneal organs but beeome retroperitoneal. The shift 
occurs during embryonie development as a portion of the viseeral perito- 
neum fuses with the opposing parietal peritoneum. The panereas and the 
distal two-thirds of the duodenum are seeondarily retroperitoneal organs. 

The peritoneum is a serosal membrane. It continually produces a watery 
fluid that lubricates the peritoneal surfaces. About 7 liters of fluid are seereted 
and reabsorbed eaeh day. However, the volume within the peritoneal eavity at 
any one time is very small. Under unusual eonditions, such as liver disease, 
heart failure, or eleetrolyte imbalanee, the volume of peritoneal fluid inereases 
markedly, resulting in a dangerous reduction in blood volume and distortion of 
viseeral organs. 

Mesenteries 

Within the peritoneal eavity, most regions of the digestive traet are suspended 
by sheets of serous membrane eonneeting the parietal peritoneum with the vis- 
eeral peritoneum. These mesenteries (MES-en-ter-éz) are fused double sheets 
of peritoneal membrane igure 25.2à . The areolar eonneetive tissue between 
the two surfaces provides a route for the passage of blood vessels, nerves, and 
lymphatie vessels to and from the digestive traet. Mesenteries also stabilize the 
positions of the attaehed organs and prevent their entanglement during diges- 
tive movements or sudden ehanges in body position. 

During development, dorsal and ventral mesenteries suspend the digestive 
traet and aeeessory organs within the peritoneal eavity gure 25.4a' . The 
ventral mesentery later disappears along most of the digestive traet, remaining 
only in two loeations. One is on the ventral surface of the stomaeh, between 
the stomaeh and liver, forming the lesser omentiim (Ò-MEN-tum; omentiim, 
fat skin). The seeond is between the liver and the anterior abdominal wall and 
diaphragm, forming the faleiform ligament gure 25.4b-d] . ( Although this 



CLINICAL NOTE 


Aseites 


ASCITES (a-SI-téz) is the buildup of serous fluid within the 
peritoneal eavity, which ereates a eharaeteristie abdomina 
swelling. This excess fluid overwhelms the peritoneal eavity's 
reabsorption eapaeity. As more than the normal 100-400 mL of 
peritoneal fluid accumulates, the person develops symptoms 
including abdominal diseomfort, heartburn 7 indigestion, shortness 
of breath, and lower baek pain. 

The most eommon cause of aseites is advaneed liver disease, 
often ealled eirrhosis of the liver. This ean result from aleohol abuse 
or infeetion with hepatitis C or B. Other causes include kidney fail- 
ure, heart failure, and advaneed eaneer. 

Treatment of aseites depends on its underlying cause. Sodium 
intake is restrieted and diuretics are preseribed to inerease water 
loss and to limit water retention. 



peritoneal sheet is ealled a “ligament,” it is not eomparable to the ligaments intereon- 
neeting bones.) (For additional information eoneerning the development of the 
digestive system, see the Embryology Summary in Chapter 28.) 

As the digestive traet elongates, it twists and turns within the crowded peri- 
toneal eavity. The dorsal mesentery of the stomaeh enlarges, forming a pouch 
extending inferiorly between the body wall and the anterior surface of the small 
intestine. This pouch is the greater omentum ( ure 25. i-b and Spotlight 
Figure 25.10). The loose eonneetive tissue within the mesentery of the greater 
omentum eontains a thiek layer of adipose tissue. The lipids in the adipose 
tissue are thought to have two possible functions: (1) serving as an important 
energy reserve and (2) providing insulation that minimizes heat loss aeross the 
anterior abdominal wall. The greater omentum also eontains numerous lymph 
nodes. These proteet the body from foreign proteins, toxins, or pathogens that 
evade the defenses of the digestive traet. 

A thiek mesentery, the mesentery proper, suspends all but the first 2 5 em 
of the small intestine. This provides stability while permitting a eertain amount of 
independent movement. The mesoeolon is a mesentery attaehed to the large intes- 
tine. The middle portion of the large intestine (the transverse eolon) is suspended 
by the transverse mesoeolon. The sigmoid eolon, which leads to the rectum and 
anus, is suspended by the sigmoid mesoeolon. During embryonie development, 
the dorsal mesentery of the aseending eolon, deseending eolon, and rectum fuses to 
the posterior body wall. This fused mesentery fixes them in position. These organs 
are now seeondarily retroperitoneal, and the viseeral peritoneum eovers only their 
anterior surfaces and portions of their lateral surfaces gure 25.4b-d . 



CONCEPT CHECK 

1 What are the eomponents and functions of the 
mucosa of the digestive traet? 

2 What are the functions of mesenteries? 

3 What is the functional differenee betvveen peristalsis 
and segmentation? 

4 What is important about the laek of organization in 
the eontraetile filaments of smooth muscle eells? 


5ee the blue Ansvvers tab at the baek of the book. 


25.2 The Oral Cavity 

► KEY POINT The oral eavity functions in sensory analysis of food, meehanieally 
proeesses and lubricates it, and performs limited digestion of earbohydrates and 
lipids. 

Our exploration of the digestive traet follows the path of food from the mouth to 
the anus. The mouth opens into the oral eavity. The functions of the oral eavity 
include (1) sensory analysis of food before swallowing, (2) meehanieal digestion 
through the aetions of the teeth, tongue, and palatal surfaces, (3) lubrication by 
mixing ingested material with mucus and saliva, and (4) limited ehemieal diges- 
tion of earbohydrates by salivary amylase and lipids by lingual lipase. 

Anatomy of the Oral Cavity 

► KEY POINT Structures of the oral eavity include the oral mucosa, tongue, 
salivary glands, and teeth. 

The oral miieosa lines the oral eavity ure 25.E . The oral mucosa is a 
nonkeratinized stratified squamous epithelium that proteets the mouth from 
abrasion. Buccal fat pads and the buccinator support the mucosa of the 
eheeks, which are the lateral walls of the oral eavity. Anteriorly, the mucosa of 
the eheeks is continuous with the lips. The spaee between the eheeks, lips, and 
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Figure 25.4 Mesenteries 
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Diagram of early embryonie state, with dorsal and ventral mesenteries 
supporting the digestive traet (left). A slightly later stage showing the 
development of the liver within the ventral mesentery (right). (For further 
information, see the Embryology Summary in Ghapter 28.) 
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Anterior view of the empty peritoneal eavity showing the attaehment of 
mesenteries and viseeral organs to the posterior wall of the abdominal eavity. 
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This is a simplified view; the length of the 
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Figure 25.5 The Oral Cavity 
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An anterior view of the oral 
eavity through the open mouth 


teeth is the oral vestibule. The ridges of oral mucosa, the gingivae (JIN-ji-vè), 
or gums, surround the base of eaeh tooth on the alveolar proeesses of the max- 
illae and the alveolar part of the mandible. 

The tongue forms the floor of the oral eavity. The mylohyoid, which is 
loeated inferior to the tongue, provides additional support to the floor of the 
oral eavity. t) p. 269 

The hard palate separates the oral eavity from the nasal eavity 
(Figure 25.5a). The hard palate is formed by the palatine proeesses of the 
maxilla and the horizontal plates of the palatine bones. 

The soft palate lies posterior to the hard palate. It separates the oral eav- 
ity from the nasopharynx and eloses off the nasopharynx during swallowing. 
The finger-shaped uvula (U-vu-la) dangles from the eenter of the posterior 
margin of the soft palate. The uvula prevents food from entering the pharynx 
too soon. The two pairs of muscular palatal arehes are found on eaeh side of 
the uvula gure 25.5 : 

o The palatoglossal arehes extend between the soft palate and the base of 
the tongue. Eaeh areh eonsists of a mucous membrane and the underlying 
palatoglossus muscle and assoeiated tissues. 

o The palatopharyngeal arehes extend from the soft palate to the side of the 
pharynx. Eaeh areh eonsists of a mucous membrane and the underlying 
palatopharyngeus muscle and assoeiated tissues. 

The palatine tonsils lie between the palatoglossal and palatopharyngeal 
arehes. The spaee between the oral eavity and the pharynx, bounded by 
the soft palate and the base of the tongue, is ealled the fauces (FAW-séz). 

(Figure 25.5b). 

The Tongiie 

The tongue has four primary functions: (1) meehanieal digestion by 
eompression, abrasion, and distortion, (2) manipulation to assist in 


chewing and to prepare food for swallowing, (3) sensory analysis by touch, 
temperature, and taste reeeptors. and (4) seeretion of mucin and the enzyme 
lingml lipase. The tongue is divided into an anterior body and a posterior root 
gure 25.5 . The dorsum of the tongue eontains numerous fine projee- 
tions ealled lingual papillae. Eaeh papilla has a thiek layer of stratified squa- 
mous epithelium, which produces additional frietion that helps the tongue 
move materials around. Additionally, taste buds are found along the edges of 
many papillae. gure 18.Ì shows surface features and histologieal details 
of the tongue. *D p. 478 A V-shaped line of eiremnvallate papillae roughly 
indieates the boundary between the body and the root of the tongue, which is 
situated in the pharynx. 

The tongne’s epithelium is flushed by water, mucin, and lingual lipase, 
which are seeretions from small glands extending into the lamina pro- 
pria. Lingual lipase begins the enzymatie breakdown of lipids, speeifieally 
triglyeerides. 

The epithelmm eovering the inferior surface of the tongue is thinner 
and more delieate than that of the dorsum. Along the inferior midline is the 
frenulum of the tongue (FREN-u-lum; frenulum, small bridle). This thin fold 
of mucous membrane eonneets the body of the tongue to the mucosa of the 
oral floor. Ducts from two pairs of salivary glands open on eaeh side of the 
frenulum, which prevents extreme movements of the tongue igures 25.5b 
and 5.6a). However, an overly restrietive frenulum hinders normal eating or 
speeeh. This eondition, ealled ankyloglossia (ang-ki-lò-GLOS-è-uh), ean be 
eorreeted surgically. 

The tongue eontains two different groups of muscles, extrinsic tongue 
muscles and intrinsie tongue muscles. The hypoglossal nerve (XII) eon- 
trols these muscles. The extrinsic muscles include the hyoglossus, styloglos- 
sus, genioglossus, and palatoglossus muscles. These muscles perform all gross 
movements of the tongue. The smaller intrinsie muscles ehange the shape of 
the tongue and assist the extrinsic muscles during preeise movements, such 
as speeeh. 
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Figure 25.6 The Salivary Glands 
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Lateral view showing the relative positions of the salivary glands and ducts on 
the left side of the head. Much of the left half of the body and ramus of the 
mandible have been removed. For the positions of the ducts inside the oral 
eavity, see igure 25.5. 


Salivary Glands 

Three pairs of salivary glands seerete into the oral eavity : ìgure 25.6' : 

o The parotid (pa-ROT-id) glands are the largest salivary glands, weighing 
approximately 20 g. The superior, anterior portion of eaeh parotid gland 
extends between the inferior surface of the zygomatie areh and the ante- 
rior margin of the sternoeleidomastoid. The posterior portion extends from 
the mastoid proeess of the temporal bone anteriorly, erossing the superfi- 
eial surface of the masseter. The seeretions of eaeh gland are drained by a 
parotid duct, which empties into the oral vestibule at the seeond upper 
molar igures 25.5a and ’5.6a]. 

e The mucous membrane of the floor of the mouth eovers the sublingual 
(sub-LING-gwal) glands. Numerous sublingual ducts open along either 
side of the frenulum of the tongue gure 25.6a) . 
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Histologieal detail of the parotid, sublingual, and submandibular 
glands. The parotid gland produces saliva rieh in enzymes. The 
gland is dominated by serous seeretory eells. The sublingual 
gland produces saliva rieh in mucin. This gland is dominated by 
mucous seeretory eells. The submandibular gland produces 
saliva eontaining enzymes and mucin, and it eontains both 
serous and mucous seeretory eells. 


o The siibmandibiilar glands are found in the floor of the mouth along 
the medial smfaees of the mandible inferior of the mylohyoid line. 
The siibmandibiilar ducts open into the mouth on either side of the 
frenulum of the tongue, immediately posterior to the teeth igure 25.5b] . 

gure 25.6b shows the histologieal appearanee of a submandibular 
gland. 

The saliva in the mouth is a mixture of all of the salivary glands’ seere- 
tions. About 70 pereent of the saliva originates in the submandibular salivary 
glands, 25 pereent in the parotid salivary glands, and 5 pereent in the sublin- 
gual salivary glands. Approximately 1.0-1.5 L of saliva is produced eaeh day. It 
has a eomposition of 99.4 pereent water, with the remainder being an assort- 
ment of ions, buffers, metabolites, and enzymes. Glyeoproteins ealled mucin 
give saliva its lubricating aetion. 


At mealtimes the production of large quantities of saliva lubricates the 
mouth, moistens the food, and dissolves ehemieals that stimulate the taste 
buds. A continual background level of seeretion flushes the oral surfaces and 
eontrols the populations of oral baeteria. Reduction or elimination of salivary 
seeretions triggers a baeterial population explosion in the oral eavity. This pro- 
liferation rapidly leads to recurring infeetions and the progressive erosion of 
teeth and gums. 

Regulation of Salivary Seeretion 

The autonomic nervous system eontrols the salivary gland seeretions. Eaeh 
salivary gland reeeives parasympathetie and sympathetie innervation. Food 
in the mouth triggers a salivary reflex by stimulating reeeptors monitored by 
the trigeminal nerve or by stimulating taste buds innervated by N VII, N IX, 
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or N X. Parasympathetie stimulation speeds up seeretion by all the salivary 
glands. As a result, you produce large amounts of saliva. The role of sympa- 
thetie innervation is unclear. Evidenee suggests that it provokes the seeretion 
of small amounts of very thiek saliva. 

The Teeth 

The movements of the tongue pass food aeross the smfaees of the teeth. Teeth 
perform chewing, or mastieation (mas-ti-KÀ-shun), of food. Mastieation 
breaks down tough eonneetive tissues in meat and plant fibers in vegetables. It 
also saturates food with salivary seeretions and enzymes. 

gure 25.7a is a seetional view through an adult tooth. Most of eaeh 
tooth eonsists of dentine (DEN-teen), or dentin (DEN-tin), a mineralized 
matrix similar to bone. However, unlike bone, dentine does not eontain liv- 
ing eells. Instead, eells in the eentral pulp eavity extend eytoplasmie pro- 
eesses into the dentine. The pulp eavity is spongy and highly vascular. Blood 
vessels and nerves enter the pulp eavity by a narrow tunnel, the root eanal, 
loeated at the base, or root, of the tooth. The dental artery, dental vein, 
and dental nerve enter the root eanal through the apieal foramen at the 
tip of the root. 

The root of eaeh tooth sits in a bony eavity or soeket ealled the tooth soeket, 
or tooth alveolus. Collagen fibers of the periodontal (per-è-ò-DON-tal) 
ligament extend from the dentine of the root to the bone, ereating a strong, 
fibrous articulation known as a gomphosis. A layer of eement eovers the den- 
tine of the root. This proteets and firmly anehors the periodontal ligament. 
The eement is histologieally similar to bone and less resistant to erosion than 
dentine. 

The neek of the tooth marks the boundary between the root and the 
crown, the visible portion of the tooth projeeting above the soft tissue of 
the gingiva. A shallow groove ealled the gingival (JIN-ji-val) sulcus surrounds 
the neek of eaeh tooth. This prevents baeteria from aeeessing the lamina propria 
of the gingiva or the relatively soft eement of the root. If this attaehment breaks 
down, baeteria ean infeet the gingiva, causing inflammation termed gingivitis. 

A layer of enamel eovers the dentine of the crown. Enamel forms the 
occlusal surface of eaeh tooth, which is the biting surface that grinds food 
against the opposing tooth surface. Elevations or projeetions of the occlusal 
surface are ealled cusps. Enamel eontains densely paeked erystals of calcium 
phosphate and is the hardest biologieally manufactured substance. Adequate 
amounts of ealeimn, phosphates, and vitamin D are essential during ehildhood 
if the enamel eoating is to be eomplete and resistant to deeay. 



CLINICAL NOTE 


Mumps 

Mumps is caused by an infeetion with the mumps virus. 
infeetion most often occurs between ages 5 and 9. Humans 
are the sole reservoir for the mumps virus # which is transmitted 
person to person via respiratory droplets and saliva. 

The mumps virus usually targets the salivary glands, most often 
the parotid glands, causing them to beeome swollen and painful. In 
post-adoleseent males, the virus may also infeet the testes and cause 
sterility, or the panereas, producing temporary or permanent diabe- 
tes. Severe eases may affeet other organ systems, including the eentral 
nervous system. The first exposure stimulates antibody production 
and usually eonfers permanent immunity. An effeetive preventive 
mumps vaeeine is available and has almost eliminated this disease in 
the Llnited States, but it still appears in developing countries. 



Types of Teeth The alveolar proeesses of the maxillae and the alveolar part 
of the mandible form the maxillary dental areade and mandibular dental 
areade, or upper and \ower dental areades, respeetively. These areades eontain 
four types of teeth, eaeh with speeifie functions Fi# ure 25.7b): 

o ineisors (in-SI-zerz) are blade-shaped teeth found at the front of the 
mouth. ineisors elip and cut food—think of biting off the tip of a earrot 
stiek. 

o The eanines, or cuspids (KUS-pidz), are eonieal teeth with a sharp ridge- 
line and a pointed tip. They tear and slash food. We might bite off a tough 
pieee of eelery with our ineisors, but we will then move it to one side to 
take advantage of the shearing aetion of the eanines. ineisors and eanines 
eaeh have a single root. 

o Premolars, or bicuspids (bi-KUS-pidz), have flattened crowns with two 
prominent rounded cusps. They crush, mash, and grind. Premolars have 
one or two roots. 

o Molars have very large, flattened crowns with four to five prominent 
rounded cusps adapted for emshing and grinding. Molars in the upper 
jaw typieally have three roots, whereas those in the lower jaw usually 
have two roots. 


Sets of Teeth During development, two sets of teeth begin to form: 
deciduous and permanent. The deciduous (dé-SID-u-us; deciduus, falling 
off) teeth appear first. Most ehildren have 20 deciduous teeth. On eaeh 
side of the upper or lower jaw, the deciduous teeth eonsist of two inei- 
sors, one eanine, and a pair of deciduous molars for a total of 20 teeth 
(Figure 25.7c,di . These teeth are later replaeed by the permanent teeth 
of the larger adult jaws. As replaeement proeeeds, the periodontal ligaments 
and roots of the deciduous teeth erode. The deciduous teeth either fall out 
or are pushed aside by the eruption, or emergenee, of the permanent teeth. 
The adult premolars take the plaee of the deciduous molars, while the adult 
molars extend the tooth rows as the jaw enlarges. Three additional molars 
appear on eaeh side of the upper and lower jaws as the person ages. These 
molars extend the rows of teeth posteriorly and bring the permanent tooth 
count to 32. 

The third molars, or wisdom teeth, may not erupt before age 21. Wisdom 
teeth may not erupt because they develop in inappropriate positions or because 
there is not enough spaee. Figure 25.7d,e). 


Mastieation The muscles of mastieation elose the jaws and slide or roek the 
lower jaw from side to side. During mastieation, food is foreed baek and forth 
between the vestibule and the rest of the oral eavity, erossing and reerossing 
the occlusal surfaces of the teeth. This movement of food results in part from 
the aetion of the mastieatory muscles. However, eontrol would be impossible 
without the aid of the buccal, labial, and lingual muscles. Onee the food has 
been shredded or torn to a satisfaetory eonsisteney and moistened with salivary 
seeretions, the tongue begins eompaeting the debris into a bolus that ean be 
swallowed. 



CONCEPT CHECK 

5 What type of epithelium lines the oral eavity? 

6 What are the functions of saliva? 

7 What nutrient begins its ehemieal breakdovvn in the 
mouth? 

8 Pretend you are eating an apple. Summarize the 
aetions of your teeth. 



5ee the blue Answers tab at the baek of the book. 
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Figure 25.7 Teeth 
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Diagrammatie seetion through a typieal adult tooth. 
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The skull of a 4-year-old ehild, with the maxillae and mandible 
cut away to expose the unerupted permanent teeth. 
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25.3 The Pharyme 

► KEY POINT The pharynx is a eommon entranee to the respiratory system and 
the digestive traet. The proeess of swallowing begins in the oral eavity but eontin- 
ues in the pharynx. 


Figure 25.8 The Swallowing Proeess. This segaenee, based on a series 
of x-rays # shows the stages of swallowing and the movement of materials 
from the mouth to the stomaeh. 



Buccal Phase 


The pharynx serves as a eommon passageway for food, liquids, and air. 
Chapter 24 deseribed the epithelial lining and divisions of the pharynx: 
the nasopharynx, oropharynx, and laryngopharynx. t) pp. 626-629 Deep 
to the lamina propria of the mucosa is a dense layer of elastie fibers, 
bound to the underlying skeletal muscles. Chapter 10 discussed the spe- 
eifie pharyngeal muscles involved in swallowing, which we summarize 
here. to pp. 267-268 

■ The superior, middle, and inferior pharyngeal eonstrietors push the bolus 
toward the esophagus. 



Hard palate 

Tongue Soft palate 
retraets elevates 


Bolus 




■ The palatopharyngeus and stylopharyngeus muscles elevate the larynx. 

■ The palatal muscles raise the soft palate and adjaeent portions of the pha- 
ryngeal wall. 

The pharyngeal muscles eooperate with muscles of the oral eavity and 

esophagus to initiate the swallowing proeess, or degliitition (dè-glu-TISH-un). 

The Swallowing Proeess 

► KEY POINT Swallowing is a complex proeess that is initiated voluntarily but 
continues involuntarily. There are three phases of swallowing: buccal 7 pharyn- 
geal, and esophageal. 

There are three phases of swallowing igure 25.8; : 

o The buccal phase of swallowing starts when the bolus of food is eom- 
pressed against the hard palate. The tongue retraets, which (a) forees the 
bolus into the pharynx, (b) helps the palatal muscles elevate the soft pal- 
ate, and (e) isolates the nasopharynx. The buccal phase is voluntary. How- 
ever, onee the bolus enters the oropharynx, involuntary reflexes take over 
and move the bolus toward the stomaeh. 

o The pharyngeal phase begins when the bolus eomes in eontaet with the 
palatal arehes, the posterior pharyngeal wall, or both. The palatopharyn- 
geus and stylopharyngeus muscles elevate the larynx. The folding of the 
epiglottis direets the bolus past the elosed glottis. In less than a seeond, 
the pharyngeal eonstrietor muscles propel the bolus into the esophagus. 
As the bolus travels through the pharynx and into the esophagus, the res- 
piratory eenters are inhibited and breathing eeases. 

o The esophageal phase of swallowing starts when the upper esophageal 

sphineter opens. After passing through the open sphineter, peristaltie 
waves push the bolus through the esophagus. As the bolus approaehes the 
stomaeh, the lower esophageal sphineter opens, and the bolus enters 
the stomaeh. 



Pharyngeal Phase 
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CONCEPT CHECK 

9 List the six groups of muscles involved in the 
svvallovving proeess. 

10 What is occurring vvhen the soft palate and larynx 
are elevated and the glottis eloses? 


5ee the blue Ansvvers tab at the baek of the book. 


25.4 The Esophagus 

► KEY POINT The esophagus, a musculoelastic tube lying posterior to the traehea, 
empties into the stomaeh. Seven arterial branehes supply the esophagus with blood. 

The esophagus is a hollow muscular tube that transports foods and liquids to 
the stomaeh ( 'igure 25.1 , p. 652). It lies posterior to the traehea slightly left 
of midline gure 25.9 . It passes along the dorsal wall of the mediastinum 
in the thoraeie eavity and enters the peritoneal eavity through an opening in 
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CLINICAL NOTE 


Esophagitis, GERD, and Hiatal Hernia 

Esophagitis refers to inflammation of the stratified squamous 
epithelial lining of the esophagus. The most eommon cause is 
failure of the lower esophageal sphineter, allowing reflux of the 
aeidie stomaeh eontents into the esophagus. This causes a burning 
ehest diseomfort, often ealled "heartborn," which has been eom- 
pared to the pain of a heart attaek. Inhaling the aeidie stomaeh 
eontents from the esophagus ean lead to asthma. Chronic 7 recurrent 
episodes of reflux esophagitis leads to gastroesophageal reflux 
disease (GERD). 

Obesity, pregnaney, advaneing age, and eertain foods ean all make 
esophagitis worse. Citrus fruits and jmees, tomato products 7 and strong 
seasonings ean irritate a damaged esophageal epithelium. Treatment 
includes maintaining a healthy weight quitting smoking, ehanging the 
diet, eating smaller meals # and remaining upright for at least 2 hours 
after eating. 

A hiatal hernia refers to the stomaeh or other abdominal organs 
pushing upward through a weakened esophageal hiatus of the 
diaphragm. Hiatal hernias are eommon in elderly people but are not 
always symptomatie. They can f however # contribute to GERD. 
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Figure 25.9 Histology of the Esophagus 
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the diaphragm, the esophageal hiatus (hI-À-tus). The esophagus empties 
into the stomaeh. The esophagus begins at the level of the erieoid eartilage 
anterior to vertebra C 6 and ends anterior to vertebra T 7 . 

The esophagus reeeives blood from (1) the esophageal arteries, branehes of 
(2) the thyroeervieal tmnk and (3) external earotid arteries of the neek, (4) the 
bronehial arteries and (5) esophageal arteries of the mediastinum, (6) the inferior 
phrenie artery, and (7) the left gastrie artery of the abdomen. Venous blood from the 
esophagus drains into the esophageal, inferior thyroid, azygos, and gastrie veins. The 
vagus and sympathetie tmnks innervate the esophagus via the esophageal plexus. 

Neither the upper nor the lower portion of the esophagus has a well- 
defined sphineter muscle eomparable to those loeated elsewhere along the 
digestive traet. Nevertheless, the terms upper esophageal sphineter and lower 
esophageal sphineter (or eardiae sphineter) are used to deseribe these regions 
because they are similar in function to other sphineters. 

Histology of the Esophageal Wall 

► KEY POINT The wall of the esophagus has mucosal f submucosal, and muscu- 

laris eomponents but laeks a serosa. Six histologieal features distinguish it from 

other digestive structures. 

The wall of the esophagus has mucosa, submucosa, and muscular layers eom- 
parable to those deseribed earlier ( ure 25.2 , p. 653). The esophageal wall 
has several distinetive features ígure 25.9] : 

■ The epithelium of the mucosa is an abrasion-resistant nonkeratinized 
(mucosal), stratified squamous epithelium. 

■ The mucosa and submucosa form large folds that mn the length of 
the esophagus. These folds allow it to expand when a large bolus passes 
through. Muscle tone in the walls of the esophagus keeps the esophagus 
elosed except during swallowing. 

■ The smooth muscle layer of the muscularis mucosae is very thin or absent 
near the pharynx. As you move inferiorly within the esophagus, it gradually 
thiekens to 200-400 /i m near the junction with the stomaeh. The muscu- 
laris mucosae of the esophagus is eomposed of only a single layer of longitu- 
dinal smooth muscle, which is different from the rest of the digestive traet. 

■ The submucosa eontains seattered esophageal glands. ( The esophagus is only 
one oftwo regions ofthe digestive traet that eontains submucosal glands; the other 
is the duodenum. ) These simple, branehed, tubular glands produce a mucous 
seeretion that lubricates the bolus and proteets the epithelial surface. 

■ The muscular layer has inner circular and outer longitudinal muscle lay- 
ers. In the superior third of the esophagus, both layers eontain mostly 
skeletal muscle fibers and some isolated smooth muscle eells. In the mid- 
dle third, there is an even mixture of skeletal and smooth muscle tissue. 
The inferior third eontains only smooth muscle eells. Viseeral reflexes 
eontrol the skeletal muscle and smooth muscle in the esophagus; you do 
not have voluntary eontrol over these eontraetions. 

■ An adventitia of eonneetive tissue outside the muscular layer anehors the 
esophagus to the posterior body wall. Between the diaphragm and stom- 
aeh, the esophagus is retroperitoneal. Peritoneum eovers the anterior and 
left lateral surfaces. 



CONCEPT CHECK 

11 List the blood vessels that supply the esophagus with 
blood. 

12 Why are the mucosa and submucosa of the 
esophagus folded? 


5ee the blue Ansvvers tab at the baek of the book. 


25.5 The Stomaeh 

The functions of the stomaeh are to (1) temporarily store ingested food, 
(2) meehanieally digest food, and (3) ehemieally digest food through the 
aetion of aeids and enzymes. This mixing of ingested substances with the aeids 
and enzymes seereted by the glands of the stomaeh produces a viscous, strongly 
aeidie, soupy mixture ealled ehyme (klm). 

Anatomy of the Stomaeh 

► KEY POINT The stomaeh is intraperitoneal and subdivided into four regions: 
the eardia, fundus, body, and pylorie part. 

The stomaeh is intraperitoneal and shaped like an expanded letter ]. The 
anterior and posterior surfaces are smooth and rounded. The stom- 
aeh typieally extends between the levels of vertebrae T 7 and L 3 (Spotlight 
Figure 25.10). It occupies the left hypoehondriae, epigastrie, and portions 
of the umbilical and left lumbar regions Figure 25.1" . The shape and 
size of the stomaeh are extremely variable from individual to individual and 
from one meal to the next. 

The stomaeh is divided into four regions (Spotlight Figure 25.10): 

o The eardia (KAR-de-a)—so named because of its proximity to the heart—is 
the superior, medial portion of the stomaeh immediately surrounding its 
junction with the esophagus. The esophageal lumen opens into the eardia 

at the eardiae orifiee. 

o The fundus (FUN-dus) is the region of the stomaeh that projeets superior 
to the junction between the esophagus and the stomaeh. The fundus eon- 
taets the inferior and posterior surfaces of the diaphragm. 

o The body of the stomaeh is the area between the fundus and the curve of 
the J. The largest region of the stomaeh, the body, functions as a mixing 
tank for ingested food and gastrie seeretions. 

o The pylorie part (pi-LOR-ik; pyloros , gatekeeper) forms the portion of 
the stomaeh between the body of the stomaeh and the duodenum (first 
segment of the small intestine). It is divided into a pylorie antrum, 
which is eonneeted to the body, a pylorie eanal, which empties into the 
duodenum, and the pylorus (pI-LOR-us), which is the muscular tis- 
sue surrounding the pylorie orifiee (stomaeh outlet). During digestion, 
the shape of the pylorie part ehanges often. A thiekening of the circular 
layer of muscle within the pylorns, ealled the pylorie sphineter, regulates 
the release of ehyme into the duodenum. 

The volume of the stomaeh inereases at mealtimes and deereases as 
ehyme leaves the stomaeh and enters the small intestine. When the stom- 
aeh is empty, gastrie folds, or gastrie rugae, (RU-gé; a wrinkles ,> ) appear. As 
the stomaeh fills, the gastrie folds gradually flatten out until, at maximum 
distension, they almost disappear (Spotlight Figure 25.10). 

Blood Supply to the Stomaeh 

The three branehes of the eeliae trunk supply blood to the stomaeh (Spotlight 
Figure 25.10): 

o The left gastrie artery supplies blood to the lesser curvature and eardia. 

o The splenie artery supplies the fundus direetly and the greater curvature 
through the left gastro-epiploie artery. 

o The eommon hepatie artery branehes into the right gastrie, the right gas- 
tro-epiploie, and the gastroduodenal arteries. These vessels supply blood to 
the greater and lesser curvatures at the pylorns of the stomaeh. The gastrie 
and gastro-epiploie veins drain blood from the stomaeh into the hepatie 
portal vein igure 22.22 . t) p. 596 
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-^ FIGURE 25.10 

SPOTLIGHT Anatomy of the Stomaeh 


The Stomaeh and Ornenta 

The J-shaped stomaeh is divided into four regions: the fundus, eardia, body, and pylorie part. The stomaeh has 
a short lesser curvature, forming the medial surface of the organ, and a long greater curvature, vvhieh forms 
the lateral surface. The mesenteries of the stomaeh, ealled omenta, eonneet the stomaeh to adjaeent organs. The 
shape and size of the stomaeh are extremely variable from person to person and from one meal to the next. 
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External and Internal Anatomy of the Stomaeh 


The muscular layer of the stomaeh 
eonsists of a superficial longitudinal 
smooth muscle layer surrounding a 
deeper layer of circular muscle. 

This pattern is seen elsewhere 
along the digestive traet. However, 
the stomaeh also eontains a third 
layer of smooth muscle—an inner 
oblique layer that strengthens the 
wall of the stomaeh and assists in 
the mixing and churning of the 
gastrie eontents. In a relaxed 
stomaeh, the mucosa has 


prominent longitudinal folds ealled 
gastrie folds, or gastrie rugae, 
which expand the gastrie lumen 
during meals. 
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to the junction between the 
stomaeh and the esophagus (the 
gastroesophageal junction). 
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The eardia is the superior, medial 
portion of the stomaeh within 3 em 
of the gastroesophageal junction. 
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The body, the largest region, is the 
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Greater curvature (lateral surface) 


Right gastro-epiploie vessels 



CLINICAL NOTE 


Endoseopy 


An endoseope is a flexible fiberoptie tube with a light at one 
end and a eamera at the other. It ean be inserted into the 
digestive system for direet visualization. This procedure ean be 
done with the patient lightly anesthetized or fully conscious. 
Esophagogastroduodenoscopy (EGD) refers to endoseopy of 
the upper gastrointestinal traet in which the endoseope is inserted 
through the mouth. In a eolonoseopy, the endoseope is inserted 
through the anus to examine the eolon. 
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Figure 25.11 Abdominal Regions and Planes 
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Musculature of the Stomaeh 

The muscularis mucosae and muscular layer of the stomaeh eontain extra 
layers of smooth muscle eells in addition to the usual circular and longitudi- 
nal layers. The muscularis mucosae generally eontain an outer, circular layer 
of muscle eells. The muscular layer has an inner oblique layer of smooth 
muscle. The extra layers of smooth muscle strengthen the stomaeh wall 
and assist in the mixing and churning essential to the formation of ehyme 
(Spotlight Figure 25.10). 


Histology of the Stomaeh 

► KEY POINT The surface epithelium of the gastrie mucosa is a simple colum- 
nar epithelium. Four different seeretory eells are found vvithin the glands of the 
stomaeh. 



A simple columnar epithelium lines all regions of the stomaeh. The sur- 
faee epithelium is eomposed of mucous surface eells. This seeretory sheet 
of mucous surface eells produces a layer of mucus that eovers the lumi- 
nal surfaces of the stomaeh and proteets the epithelium against aeids and 
enzymes. 

Shallow depressions, ealled gastrie pits, open onto the gastrie surface 
gure 25.1 . Regenerative stem eells are found at the base of eaeh gastrie 

pit. These eells aetively divide to replaee superficial eells that are shed eontin- 
uously into the ehyme. The continual replaeement of the superficial epithe- 
lial eells provides an additional defense against the gastrie eontents. If stomaeh 
aeid and digestive enzymes penetrate the mucous layers, any damaged epithelial 
eells are quickly replaeed. 


Gastrie Seeretory Cells 

Eaeh gastrie pit communicates with several gastrie glands that extend deep 
into the underlying lamina propria. Gastrie glands are simple branehed tubu- 
lar glands igure 25.12c,cT. Gastrie pits and gastrie glands eontain four 
types of seeretory eells: mucous neek eells, parietal eells, G eells, and ehief eells 
(Figure 25.12c-f). The parietal and ehief eells work together to seerete about 
1500 ml of gastrie juice eaeh day. 

Mucous Neek Cells Mucous neek eells are found in all regions of the 
stomaeh. These eells are columnar in shape, similar to the mucous surface eells. 
The apieal eytoplasm is filled with a seeretory product that is water-soluble and 
lubricates the stomaeh eontents. 

Parietal Cells Parietal eells are large round or pyramid-shaped eells. 
They are very numerous in the proximal portions of the gastrie glands. Pari- 
etal eells seerete intrinsie faetor, a glyeoprotein that helps absorb vitamin 
B 12 aeross the intestinal lining. Parietal eells also seerete hydroehlorie aeid 
(HC1). Hydroehlorie aeid lowers the pH of the gastrie juice, kills mieroor- 
ganisms, helps break down plant eell walls and eonneetive tissues in meat, 
and denatures proteins. 

Enteroendoerine Cells and G Cells Enteroendoerine (en-ter-ò-EN- 

dò-krin) eells are quite numerous in the fundus of the stomaeh, but are only 
oeeasionally found within the eardia and pylorie part. In the fundus they 
are seattered among the parietal and ehief eells. G eells are enteroendoerine 
eells found in the gastrie pits of the pylorie part. They seerete the hormone 
gastrin (GAS-trin). Gastrin, which is released when food enters the stomaeh, 
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Figure 25.12 Histology of the Stomaeh Wall 
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stimulates the seeretory aetivity of both parietal and ehief eells. It also promotes 
smooth muscle aetivity in the stomaeh wall that enhanees mixing and churn- 
ing aetivity. 

Chief Cells Found only in the fundus, ehief eells are most abundant in 
the base of a gastrie gland. These eells are columnar in shape and seerete 
pepsinogen (pep-SIN-ò-jen), an inaetive proenzyme. Aeid in the gastrie 
lumen eonverts pepsinogen to pepsin, an aetive proteolytie, or protein- 
digesting, enzyme. Pepsin functions most effeetively at an aeidie pH of 1.5- 
2.0. The stomaehs of newborn infants (but not adults) produce rennin and 
gastrie lipase, enzymes important for digesting milk. Rennin coagulates 
milk proteins, and gastrie lipase initiates the digestion of milk fats. 

The lining of the stomaeh does not direetly absorb any nutrients. How- 
ever, some salts, water, and lipid-soluble substances are indireetly absorbed 
in the stomaeh. For instanee, aleohol and some drugs, such as aspirin and 
nonsteroidal anti-inflammatory drugs (NSAIDs), enter the lamina propria 
of the mucosa after damaging the surface epithelium. These substances 
then enter the bloodstream through the eapillaries within the lamina 
propria. 

Regulation of Gastrie Aetivity 

► KEY POINT The production of aeid and enzymes by the gastrie mucosa ean 
be direetly eontrolled by the eentral nervous system and indireetly regulated by 
loeal hormones. 


Stimulation inereases the production of aeids, enzymes, and mucus. The 
arrival of food in the stomaeh stimulates streteh reeeptors in the stomaeh 
wall and ehemoreeeptors in the mucosa. Reflexive eontraetions occur in the 
muscular layers of the stomaeh wall, and G eells release gastrin. Both pari- 
etal and ehief eells respond to the presenee of gastrin by aeeelerating their 
seeretory aetivities. Parietal eells are espeeially sensitive to gastrin, so the 
rate of aeid production inereases more dramatieally than the rate of enzyme 
seeretion. 

Sympathetie aetivation inhibits gastrie aetivity. In addition, the small 
intestine releases two hormones that inhibit gastrie seeretion. Seeretin 
(se-KRÉ-tin) and eholeeystokinin (kò-lè-sis-tò-Kl-nin) stimulate seeretion 
by both the panereas and liver. The depression of gastrie aetivity is a seeondary, 
but eomplementary, effeet. 



CONCEPT CHECK 

13 What are the functions of the greater omentum? 

14 How do the eells that line the stomaeh keep from 
beeoming damaged in such an aeidie environment? 

15 What do ehief eells seerete? 

16 What hormone stimulates the seeretion of parietal 
and ehief eells? 


See the blue Ansvvers tab at the baek of the book. 


Two meehanisms exert direet eontrol over the production of aeid and 
enzymes by the gastrie mucosa. One regulatory meehanism involves the 
CNS and uses the vagus nerve (parasympathetie innervation) and branehes 
of the eeliae plexus (sympathetie innervation). For example, the sight or 
thought of food triggers motor output in the ganglionie parasympathetie 
fibers innervating parietal eells, ehief eells, and mucous eells of the stomaeh. 


25.6 The Small Intestine 

► KEY POINT The gross and histologieal anatomy of the small intestine is 
speeialized for absorption. The circular folds, villi, and mierovilli inerease its 
surface area. 



CLINICAL NOTE 




25 



Gastritis and Peptie Ulcers 

Gastritis is an inflammation or irritation of the stomaeh lining. 
Acute gastritis, which appears suddenly, is often due to a vira 
infeetion ("stomaeh flu") or food poisoning (ingesting eontaminated 
food or beverages eontaining baeteria, parasites, or toxins). Fever, 
eramping, nausea, vomiting, and diarrhea often develop within 2 to 
4 hours after eating the eontaminated food. 

ehronis gastritis is often caused by a bacterium, Helieobaeter pylori 
(H. pylori), that infeets the stomaeh. Llntreated ehronie gastritis ean 
lead to a peptie ulcer. 

Peptie ulcers are sores of the alimentary mucosa exposed to aeidie 
gastrie seeretions. They are usually found in the stomaeh (gastrie ulcers) 
or duodenum (duodenal ulcers). Excessive aleohol intake, smoking or 
chewing tobaeeo, aspirin and nonsteroidal anti-inflammatory drugs 
(NSAIDs), eaffeine, severe illness, or radiation treatment ean also cause 
peptie ulcers. 

Endoseopy is often used to diagnose peptie ulcers. Some treatments 
ean also be administered through an endoseope. H. pylori infeetions 
ean be treated with antibioties. Medieations to neutralize aeid or bloek 
aeid production ean help, and patients are advised to avoid aleohol, 
tobaeeo, aspirin, and NSAIDs. 



Left untreated, an ulcer ean erode through the epithelial layer and 
expose the lamina propria. Pain and bleeding will develop. Further 
invasion of gastrie juices ean actually perforate the stomaeh, causing its 
eontents to leak into the peritoneum, causing a surgical emergeney. 


Peotie llleer Disease 
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Ninety pereent of nutrient absorption occurs in the small intestine, and most 
of the rest occurs in the proximal portion of the large intestine. The small 
intestine averages 6 m (20 ft) in length (range 5.0-8.3 m [5-25 ft]) and has 
an average diameter of 4 em (1.6 in.) at its junction with the stomaeh and 
about 2.5 em (1 in.) at its junction with the large intestine. The small intestine 
is found in all abdominal regions except the left hypoehondriae and epigastrie 
regions gures 25.1 , p. 666, and 5.13] . 

The small intestine fills much of the peritoneal eavity. It is held in plaee 
by mesenteries attaehed to the dorsal body wall. Spotlight Figure 25.10 and 
Figures 25.1 and 5.1 show the position of the small intestine in eompari- 
son to the other segments of the digestive traet. 

The anatomy of the small intestine is speeialized to inerease its surface area 
for absorption and seeretion. The intestinal lining has a series of ring-shaped 
projeetions ealled circular folds or plieae circulares (sir-ku-LAR-ès) ogures 
25.2a,b, p. 653, 25.14a, and 25.15). Unlike the gastrie folds in the stomaeh, 
eaeh circular fold is a permanent feature of the intestinal lining. These folds do 
not disappear as the small intestine fills. Roughly 800 circular folds (about 2 per 
eentimeter) are found along the length of the duodenum, jejunum, and proxi- 
mal half of the ileum. The mucosa possesses intestinal villi, and eaeh eell of the 
surface epithelium has small mierovilli on its apieal surface. 

Regions of the Small Intestine 

► KEY POINT The small intestine is subdivided into the duodenum, jejunum, 

and ileum. 

The small intestine has three anatomieal subdivisions: the duodenum, jejunum, 
and ileum (F igure 25.13). 

The Diiodeniim 

The shortest and widest segment of the small intestine is the duodenum 
(du-ò-DÉ-num) igure 25.13 . It is approximately 25 em (10 in.) 
long. The duodenum is eonneeted to the pyloms of the stomaeh. A ring of 
smooth muscle, the pylorie sphineter, regulates movement of ehyme from 
the stomaeh into the duodenum. From its start at the pylorie sphineter, the 
duodenum curves in a C that surrounds the panereas. The proximal 2.5 em 
(1 in.) portion is intraperitoneal, while the rest is seeondarily retroperito- 
neal and loeated between vertebrae and L 4 ( gure 25.4b, p. 656). 

The duodenum is a "mixing bowr’ that reeeives ehyme from the stomaeh 
and digestive seeretions from the panereas and liver. Almost all essential diges- 
tive enzymes enter the small intestine from the panereas. 

The Jejiiniim 

A sharp bend, the duodenojejunal flexure, marks the junction of the duode- 
num and the jejunum (jeh-]U-num). At this junction the small intestine 
re-enters the peritoneal eavity, beeoming intraperitoneal and supported by a 
sheet of mesentery. The jejunum is about 2.5 m (8 ft) long. The bulk of ehemi- 
eal digestion and nutrient absorption occurs in the jejunum. 


The lleiim 

The third and last segment of the small intestine is the ileum (IL-è-um). It 
is intraperitoneal and is the longest segment of the small intestine, averaging 
3.5 m (12 ft) in length. The ileum ends at the ileoeeeal valve. This sphineter 
eontrols the flow of material from the ileum into the cecum of the large intes- 
tine. The ileoeeeal valve protmdes into the cecum. 

There is no sharp anatomieal distinetion between the jejunum and ileum. 
However, the following subtle anatomieal differenees enable a surgeon to dis- 
tinguish the jejunum from the ileum: 


Figure 25.1 Regions of the Small Intestine. The eolor eoding índieates 
the relative sizes and positions of the duodenum, jejunum, and ileum. 
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■ The jejunum has a thieker wall and a larger diameter than the ileum. 

■ The jejunum is typieally found in the umbilical region, while the ileum 
tends to lie in the hypogastrie region of the abdominal eavity. 

■ The mesentery eovering the ileum is typieally thieker and eontains more 
fat than does the mesentery eovering the jejunum. 

■ The vasculature extending from the mesentery to the jejunum tends to be 
more straightforward and has fewer branehes than the vasculature extend- 
ing from the mesentery to the ileum. 

Support of the Small Intestine 

► KEY POINT Blood vessels, nerves, and lymphatie vessels pass through the 
mesentery proper to reaeh the small intestine. 

The duodenum has no supporting mesentery. The proximal 2.5 em is intra- 
peritoneal and movable, but the rest is seeondarily retroperitoneal and fixed 
in position. The jejunum and ileum are intraperitoneal and supported by 
an extensive, fan-shaped mesentery—the mesentery proper ( gure 25.4, 
p. 656). Blood vessels, lymphatie vessels, and nerves pass through the eon- 
neetive tissue of the mesentery to reaeh these segments of the small intes- 
tine. These blood vessels are branehes of the superior mesenterie artery and 
tributaries of the superior mesenterie vein gure 22.1! . p. 588 The 
vagus nerve provides parasympathetie innervation; the superior mesenterie 
ganglion provides sympathetie innervation. 


Histology of the Small Intestine 

► KEY POINT The histology of the small intestine follovvs the "typieal" struc- 
ture of a hollovv organ of the digestive traet: mucosa, muscularis rrmeosae, sub- 
mucosa, muscular layer, and serosa. 
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Figure 25.14 Histology of the Intestinal Wall 
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The Intestinal Epithelium 

The mucosa of the small intestine forms fingerlike projeetions, intestinal villi, 
that projeet into the lumen igures 25.14 and 5.1 . Eaeh villus is eov- 

ered by a simple columnar epithelium. The apieal smfaees of the epithelial eells 
are eovered with even smaller projeetions ealled mierovilli. The circular folds, 
villi, and mierovilli of the mucosa inerease the surface area of the small intes- 
tine by a faetor of more than 600, to approximately 2 million em 2 . 

Intestinal Glands 

Between the columnar epithelial eells, goblet eells seerete mucin onto the 
intestinal surfaces. At the bases of the villi are the entranees to the intestinal 
glands (also ealled intestinal erypts). These glandular poekets extend deep into 
the underlying lamina propria *igure 25.14b,d . Near the base of eaeh gland, 
stem eells continually divide, producing new generations of epithelial eells. These 
new eells move superficially toward the intestinal surface. They reaeh the tip of 
the villus within a few days, renewing the epithelial surface and adding intraeel- 
lular enzymes to the ehyme. 


Paneth eells at the base of the intestinal glands have a role in innate 
(nonspeeifie) immunity and release defensins and lysozyme. These seeretions 
kill some baeteria and allow others to live, thereby establishing the flora of the 
intestinal lumen. Intestinal glands also eontain enteroendoerine eells that pro- 
duce several intestinal hormones. 

The Lamina Propria 

The lamina propria is the loose areolar eonneetive tissue loeated within 
the eore of eaeh intestinal villus. The lamina propria eontains numerous 
lymphatie eells, oeeasional lymphoid nodules, and an extensive network of 
eapillaries that absorbs and earries nutrients to the hepatie portal circula- 
tion. Eaeh villus also eontains a eentral lymphatie vessel ealled a laeteal 
(LAK-tè-al; lacteus, milky) Figure 25.14b,c r e]. Laeteals transport materi- 
als that eannot enter blood eapillaries. For example, absorbed fatty aeids are 
assembled into protein-lipid paekages that are too large to diffuse into the 
bloodstream. These paekets, ealled ehylomierons, reaeh the venous circula- 
tion through the thoraeie duct. 


Figure 25.1 Regions of the Small Intestine. Diagrammatie view highlighting the distinguishing 
features of eaeh region of the small intestine. The photographs show the gross anatomy of the 
intestinal lining in eaeh region of the small intestine. 
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Regional Speeializations 

The duodenum, jejunum, and ileum of the small intestine eaeh have histo- 
logieal speeializations related to their primary functions. igure 25.1 shows 
representative seetions from eaeh region. 

The Dliodeniim In addition to the intestinal glands, the submucosa 
eontains duodenal submucosal glands, also known as Brimner’s glands 
(Figure 25.15). These glands produce large quantities of mucus when 
ehyme arrives from the stomaeh. The mucus proteets the epithelium from 
the aeidity of ehyme and also eontains biearbonate ions that help raise the 
pH of the ehyme. Submucosal glands are most abundant in the proximal 
portion of the duodenum, and they deerease in numbers as you approaeh 
the jejunum. The pH of the intestinal eontents ehanges from 1-2 to 7-8 as 
ehyme moves from the duodenum to the jejunum. By the beginning of the 
jejunum, the extra mucus production is no longer needed. 

Buffers and enzymes from the panereas and bile from the liver enter the 
duodenum roughly halfway along its length. The bile duct from the liver and 
gallbladder and the panereatie duct from the panereas eome together within 
the duodenal wall at a muscular ehamber ealled the dviodenal ampulla 
(am-PUL-la). The duodenal ampulla opens into a small mound within the 
duodenum termed the duodenal papilla. The muscular hepatopanereatie 
sphineter eneireles the lumen of the bile duct and, generally, the panereatie 
duct and duodenal ampulla as well igures 25.1 and 5.21a,d]. 

The Jejunum and lleum Circular folds and villi are prominent in the 
proximal half of the jejunum gures 25.14d,e and 5.1? . Most nutri- 
ent absorption occurs here. As you approaeh the end of the ileum, the folds 
and villi diminish in size and number. This reduction parallels the reduction 
in absorptive aetivity; most nutrient absorption has occurred before materi- 
als reaeh the ileum. The distal portions of the ileum laek circular folds. The 
lamina propria there eontains 20-30 masses of lymphoid tissue ealled sub- 
mucous aggregated lymphoid nodules, or Peyer's patehes. These lymphoid 
tissues are most abundant in the terminal portion of the ileum, near the 
entranee to the large intestine. The lymphoeytes in the aggregated lymphoid 
nodules proteet the small intestine from baeteria that normally inhabit the 
large intestine. 


Regulation of the Small Intestine 

► KEY POINT The autonomic nervous system and loeal reflexes eontrol the per- 
istaltie eontraetions and seeretory aetivity of the small intestine. 



Weak peristaltie eontraetions slowly move materials along the length of 
the small intestine as absorption occurs. The movements of the small 
intestine are eontrolled by neural reflexes involving the submucosal and 
myenterie neural plexuses. Stimulation of the parasympathetie system 
inereases the sensitivity of these reflexes and aeeelerates peristaltie eon- 
traetions and segmentation movements. These eontraetions and move- 
ments promote the mixing of the intestinal eontents and usually occur 
within a few eentimeters of the original stimulus. When food enters the 
stomaeh, eoordinated intestinal movements occur. These eontraetions 
move ehyme away from the duodenum and toward the large intestine. At 
the same time, the ileoeeeal valve opens, allowing the passage of material 
into the large intestine. 

Hormonal and CNS eontrols regulate the seeretory output of the small 
intestine and aeeessory glands. The seeretions of the small intestine are ealled 
intestinal juice. Seeretory aetivities are triggered by loeal, short reflexes and 
parasympathetie (vagal) stimulation. Sympathetie stimulation inhibits seere- 
tion. Duodenal enteroendoerine eells produce seeretin and eholeeystokinin, 
hormones that eoordinate the seeretory aetivities of the stomaeh, duodenum, 
liver, and panereas. 



CONCEPT CHECK 

17 Which histologieal features of the small intestine 
faeilitate the digestion and absorption of nutrients? 

18 What is the function of circular folds? 

19 What are the functions of intestinal glands? 

20 Which seetion of the small intestine serves as a 
í7 mixing bowl"? 


See the blue Ansvvers tab at the baek of the book. 


25.7 The Large Intestine 

► KEY POINT The large intestine begins where the ileum joins with an ex- 
panded pouch ealled the cecum. It ends at the anus. The large intestine ab- 
sorbs water, eleetrolytes, and vitamins and eompaets and stores the feeal waste 
material. 

The horseshoe-shaped large intestine begins at the junction with the ileum 
and ends at the anus. The large intestine lies inferior to the stomaeh and liver 
and forms an almost eomplete frame around the small intestine ( 'igiires 
25.1, p. 652, 25.11, p. 666, and 25.13). 

The large intestine is often ealled the large bowel. It has an average length 
of about 1.5 m (5 ft) and a width of 7.5 em (3 in.). It is divided into three 
parts: (1) the cecum, (2) the eolon, and (3) the rectum Figure 25.16' . 

The large intestine (1) absorbs water and eleetrolytes and eompaets the 
intestinal eontents into feees, (2) absorbs the important vitamins produced by 
baeteria, and (3) stores feees before defeeation. 

The large intestine reeeives blood from branehes of the superior mesenterie and 
inferior mesenterie arteries. Venous blood is eolleeted from the large intestine by the 
superior mesenterie and inferior mesenterie veins. pp. 594-596 

The Cecum and Appendix 

► KEY POINT The cecum, which is intraperitoneal, is the first segment of the large 
intestine. Materials pass through the ileoeeeal valve as they move from the ileum 
into the cecum. The appendix is attaehed to the posteromedial surface of the cecum. 

Material arriving from the ileum first enters an expanded pouch ealled 
the cecum. The ileum attaehes to the medial surface of the cecum and opens 
into the cecum at the ileoeeeal valve ìgure 25.16 . The cecum eolleets 
and stores materials from the ileum and begins the proeess of eompaetion. 

The slender, hollow appendix, or vermiform appendix ( vermis , worm), is 
attaehed to the posteromedial surface of the cecum igure 25.1 6] . The appen- 
dix is normally about 9 em (3.6 in.) long, but its size and shape are quite vari- 
able. A small mesentery ealled the meso-appendix eonneets the appendix to 
the ileum and cecum. The primary function of the appendix is as an organ of 
the lymphatie system. Inflammation of the appendix is known as appendieitis. 
Both the cecum and appendix are intraperitoneal. 

The Colon 

► KEY POINT The eolon has a larger diameter and a thinner wall than the small 
intestine. The eolon is subdivided into the aseending eolon, transverse eolon, 
deseending eolon, and sigmoid eolon. 

Refer to gure 25.16 as we deseribe several distinetive features of the eolon: 

■ The wall of the eolon forms a series of pouches, or haustra (HAWS-truh; 
singular, haustrum). The haustra permit eonsiderable distension and elonga- 
tion. Cutting into the intestinal lumen reveals that the ereases between the 
haustra extend into the mucosal lining, producing a series of internal folds. 
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Figure 25.16 The Large Intestine 


Transverse 

eolon 

Right eolie 
(hepatie) flexure 



Middle eolie 
artery and vein 


Right eolie 
artery and vein 


Aseending 

eolon 


Omental appendiees 


lleoeeeal valve 


Cecum 



Gross anatomy and 
regions of the large 
intestine 


Appendix 


Aorta 

Hepatie portal vein 


Splenie vein 

Superior mesenterie artery 
Inferior mesenterie vein 



Left eolie 

(splenie) 

flexure 


omentum (cut) 


Deseending 

eolon 


Left eolie vein 


Inferior 

mesenterie 


Left eolie artery 


Haustra 



Sigmoid arteries 
and veins 


Teniae eoli 


Sigmoid eolon 


lleoeeeal 

valve 


Cecum 
(cut open) 


External anal 
sphineter 

Anus 


Appendix 



The cecum and appendix 



Detailed anatomy of the rectum and anus 


ehapter 25 The Digestive System 


673 














































































































■ Three separate longitudinal bands of smooth muscle—ealled the teniae 
eoli (TÈ-nè-è KÒ-lè)—run along the outer surfaces of the eolon just deep 
to the serosa. These bands eorrespond to the outer, longitudinal layer of 
the muscular layer in other portions of the digestive traet. Muscle tone 
within the teniae eoli is what ereates the haustra. 

■ The serosa of the eolon eontains numerous teardrop-shaped saes of 
fat ealled the omental appendiees, or fatty appendiees of the eolon 

(Figure 25,16a). 


Regions of the Colon 

The eolon is subdivided into four regions: the aseending eolon, transverse 
eolon, deseending eolon, and sigmoid eolon ígure 25.16a]. You ean see 
these regions in the radiograph in gure 25.1 z . 

The Aseending Colon The aseending eolon begins at the superior 
border of the cecum. It aseends along the right lateral and posterior abdom- 
inal wall of the peritoneal eavity to the inferior surface of the liver. At this 
point the eolon turns to the left at the right eolie flexure, or hepatie flex- 
ure. This bend marks the end of the aseending eolon and the beginning of 
the transverse eolon. The aseending eolon is seeondarily retroperitoneal; vis- 
eeral peritoneum eovers its lateral and anterior surfaces igures 25.4c,d, 
p. 656, and 25.16a). 

The Transverse Colon The transverse eolon curves anteriorly from the 
right eolie flexure and erosses the abdomen from right to left. As the trans- 
verse eolon erosses the abdominal eavity, its peritoneal relationship ehanges. 
The initial segment is intraperitoneal. It is supported by the transverse mesoeo- 
lon and separated from the anterior abdominal wall by the layers of the greater 
omentum. As the transverse eolon passes inferior to the greater curvature of the 
stomaeh it beeomes seeondarily retroperitoneal. 

The gastroeolie ligament attaehes the transverse eolon to the greater 
curvature of the stomaeh. Near the spleen, the eolon makes a right turn, 
termed the left eolie flexure, or splenie flexure. It then proeeeds caudally as 
the deseending eolon. 

The Deseending Colon The deseending eolon, which is seeondarily 
retroperitoneal, proeeeds inferiorly along the left side of the abdomen. 
At the iliae fossa, the deseending eolon curves and beeomes the sigmoid 
eolon. 

The Sigmoid Colon The sigmoid (SIG-moyd; sigmoides, the Greek letter S) 
eolon is an S-shaped segment that is only about 15 em (6 in.) long. The sigmoid 
eolon lies posterior to the urinary bladder, suspended from the sigmoid mesoeolon. 
The sigmoid eolon empties into the rectum gures 25.4, p. 656, and 5.16] . 



The Reetiim 

► KEY POINT Feees enter the rectum from the sigmoid eolon and exit by the 
anal eanal and anus. 


The rectum (REK-tum) forms the last 15 em (6 in.) of the digestive traet. 
It is an expandable organ for the temporary storage of feees gures 25.1 , 
p. 666, 25.16a,c, and 25.17). Movement of feeal material into the rectum 
triggers the urge to defeeate. 

The last portion of the rectum is the anal eanal. It eontains small longitu- 
dinal folds, the anal columns. The distal margins of these columns are joined 
by transverse folds that mark the boundary between the columnar epithelium 
of the proximal rectum and a stratified squamous epithelium like that in the 
oral eavity. The anus is the exit of the anal eanal. There, the epidermis beeomes 
keratinized and identieal to the surface of the skin. 


Figure 25.17 Anterior/Posterior Radiograph of the Colon 
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The circular layer of muscle in this region forms the internal anal 
sphineter. The smooth muscle fibers of this sphineter are not under volun- 
tary eontrol. The external anal sphineter, which guards the anus, eneireles 
the distal portion of the anal eanal. This sphineter, which eonsists of a ring 
of skeletal muscle fibers, is under voluntary eontrol. The lamina propria and 
submucosa of the anal eanal eontain a network of veins. If venous pressures 
there rise too high due to straining during defeeation or pregnaney, the veins 
ean beeome distended, producing hemorrhoids. 

Histology of the Large Intestine 

► KEY POINT Llnlike the small intestine, the large intestine laeks villi, has an in- 

ereased number of goblet eells and deeper intestinal glands, and possesses teniae 

eoli within the muscular layer. 

Several histologieal eharaeteristies distinguish the large intestine from the small 
intestine: 

■ The wall of the large intestine is much thinner than that of the small 
intestine, even though the diameter of the eolon is roughly three times 
that of the small intestine. 

■ The large intestine laeks villi, which are eharaeteristie of the small intestine. 

■ Goblet eells are more abundant in the rmieosal epithelium of the large 
intestine. 

■ The intestinal glands of the large intestine are deeper than those of the 
small intestine, and they have more goblet eells tgure 25.18] . Seeretion 
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occurs as a result of loeal reflexes involving the loeal neural plexuses. This 
produces large amounts of mucus, which lubricates the mucosa as undi- 
gested waste is eompaeted and passed along the large intestine. 

■ Large lymphoid nodules are seattered throughout the lamina propria and 
extend into the submucosa gure 23.7a] . p. 611 

■ The muscular layer differs from that of other intestinal regions. The longi- 
tudinal layer has been reduced to the three muscular bands of the teniae 
eoli. However, the mixing and propulsive eontraetions of the eolon resem- 
ble those of the small intestine. 

Regulation of the Large Intestine 

► KEY POINT Ingested materials move slowly from the cecum to the transverse 

eolon. Movement involves peristaltie aetivity and haustral churning. 

Movement from the cecum to the transverse eolon is very slow, allowing for 
water absorption to eonvert the already thiek material into a sludgy paste. Peri- 
staltie waves move material along the length of the eolon. Segmentation move- 
ments, ealled haustral churning, mix the eontents of adjaeent haustra. When 
the stomaeh and duodenum are distended, signals are relayed over the intesti- 
nal neural plexuses. These signals cause powerful peristaltie eontraetions ealled 
mass movements that move material from the transverse eolon through the 
rest of the large intestine. The eontraetions foree feees into the rectum. 

The reetal ehamber is typieally empty, except when a mass movement 
forees feees out of the sigmoid eolon into the rectum. When feees move into 
the rectum, the distension on the reetal wall stimulates streteh reeeptors, ini- 
tiating the defeeation reflex. The defeeation reflex relaxes the internal anal 


sphineter, and feees move into the anal eanal. When the external anal sphine- 
ter is voluntarily relaxed, defeeation ean occur. 

25.7 CONCEPT CHECK 

21 How does the histology of the large intestine 

w eompare to that of the small intestine? 

22 List the four regions of the eolon. 

See the blue Ansvvers tab at the baek of the book. 

25.8 Aeeessory Digestive Organs 

► KEY POINT The aeeessory organs of the digestive traet are the liver, gallblad- 
der, and panereas. 

The aeeessory digestive organs are the liver, gallbladder, and panereas. These organs 
produce and store enzymes and buffers essential for normal digestive function. In 
addition to their roles in digestion, the liver and panereas have exocrine functions. 

The Liver 

► KEY POINT The liver (1) regulates metabolism, (2) regulates the eomposition 
of blood by removing old and damaged red blood eells and synthesizing plasma 
proteins, and (3) produces and seeretes bile. 

The liver is the largest viseeral organ, a firm, reddish-brown organ weighing about 
1.3 kg (3.3 lb) (Figure 25.19). Most of its mass lies in the right hypoehondriae 


Figure 25.18 The Wall of the Large Intestine 
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Figure 25.19 Anatomy of the Liver 
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Cast of the liver showing gallbladder, biliary ducts, and assoeiated 
blood vessels as seen from the inferior and posterior surfaces 
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and epigastrie regions, but it may extend into the left hypoehondriae and 
umbilical regions as well. The versatile liver performs essential metabolie and 
synthetie functions: 

■ Metabolie regulation: The liver is an essential organ for regulating body 
metabolism. The liver regulates the circulating levels of earbohydrates, lip- 
ids, and amino aeids. Blood draining all of the absorptive surfaces of the 
stomaeh and small and large intestines enters the hepatie portal system 
and flows into the liver. As a result, the liver eells extract absorbed nutri- 
ents and toxins from the blood before they reaeh the systemie circulation 
through the hepatie veins. Liver eells (ealled hepatoeytes) monitor circu- 
lating levels of metabolites and make any neeessary adjustments. Excess 
nutrients are removed and stored. Defieieneies are eorreeted by mobilizing 
stored reserves or performing appropriate synthetie aetivities. Circulating 
toxins and metabolie wastes are also removed. They are then inaetivated, 
stored, or excreted. Finally, fat-soluble vitamins (A, D, K, and E) are 
absorbed and stored in the liver. 

■ Hematologieal regulation: The liver is the largest blood reservoir in the 
body, reeeiving about 25 pereent of the eardiae output. As blood passes 
through the liver phagoeytie eells remove old or damaged RBCs, cellular 
debris, and pathogens. Liver eells synthesize and seerete plasma proteins 
into the blood. Plasma proteins contribute to the osmotie eoneentration 
of the blood, transport nutrients, and establish the elotting and eomple- 
ment systems. 

■ Production of bile: Bile is synthesized by liver eells, stored in the gallblad- 
der, and excreted into the lumen of the duodenum. Bile is mostly water, 
with small amounts of ions, bilimbin (a pigment derived from hemoglo- 
bin), and an assortment of lipids known as bile salts. The water and ions 
dilute and buffer aeids in the ehyme as it enters the small intestine. Bile 
salts make it possible for enzymes to break down lipids in the ehyme into 
fatty aeids suitable for absorption. 

The liver is thought to have more than 200 functions. Table 25.1 shows 
just a partial list. Any eondition that severely damages the liver presents a seri- 
ous threat to life. Liver eells do have a limited ability to regenerate after an 
injury. However, liver function will not fully reeover unless the normal vascular 
patterns also regenerate. 


Anatomy of the Liver 

The liver is intraperitoneal. Deep to its viseeral peritoneal layer is a tough 
fibrous capsule. On the anterior surface a ventral mesentery, the faleiform 
(FAL-si-form) ligament, marks the division between the left lobe and right 
lobe of the liver ìgure 25.19a-c]. The round ligament, or ligamen- 
tum teres, is a thiekening of the inferior margin of the faleiform ligament. 
This fibrous band marks the path of the degenerated fetal umbilical vein. 
The liver is suspended from the inferior surface of the diaphragm by the 
eoronary ligament. 

The shape of the liver eonforms to its surroundings. Its anterior surface 
follows the smooth curve of the body wall igure 25.19c). The posterior 
surface has impressions from the stomaeh, small intestine, right kidney, 
and large intestine ure 25.19d . The superior, anterior, and posterior 
smfaees of the liver are ealled the diaphragmatie surfaces because of their 
anatomieal relationships to the diaphragm. The inferior surface is ealled the 
viseeral surface. 

The liver has elassieally been deseribed as having four lobes 
(Figure 25.19d). The impression left by the inferior vena eava marks the 
division between the right lobe and the small caudate (KAW-dàt) lobe. 
Inferior to the caudate lobe lies the quadrate lobe, sandwiched between the 
left lobe and the gallbladder. 


ehapter 25 The Digestive System 


677 

























































Table 25.1 


Major Functions of the Liver 


DIGESTIVE AND METABOLIC FUNCTIONS 

Synthesize somatomedins 

Synthesize and seerete bile 

Store glyeogen and lipid reserves 

Maintain normal blood glucose, amino aeid, and fatty aeid eoneentrations 

Synthesize and eonvert nutrient types (e.g., transaminate amino aeids or 
eonvert earbohydrates to lipids) 

Synthesize and release eholesterol bound to transport proteins 

inaetivate toxins 

Store iron reserves 

Store fat-soluble vitamins 

OTHER MAJOR FUNCTIONS 

Synthesize plasma proteins 

Synthesize elotting faetors 

Synthesize the inaetive hormone angiotensinogen 

Phagoeytose damaged red blood eells (by stellate maerophages) 

Store blood (major contributor to venous reserve) 

Absorb and break down circulating hormones (including insulin and 
epinephrine) and immunoglobulins 

Absorb and inaetivate lipid-soluble drugs 


The elassieal deseription of four lobes was based on the superfi- 
eial topography of the liver. However, this deseription of the liver did not 
meet the needs of modern medieal seienee, espeeially surgery. As a result, 
a more eomprehensive system for deseribing the structure of the liver was 
developed. The new terminology subdivides the lobes of the liver into seg- 
ments based on the major subdivisions of the hepatie artery, portal vein, 
and hepatie ducts. gure 25.19f indieates the approximate boundaries 
between the segments; the actual boundaries eannot be determined without 
disseeting the liver. 


These hepatie sinusoids empty into the eentral vein ure 25.20a-c' . 
The fenestrated walls of the sinusoids eontain large openings that allow 
substances to pass out of the circulation and into the spaees surrounding 
the hepatoeytes. The sinusoidal lining includes a large number of stellate 
maerophages, or I<upffer (KOOP-fer) eells. These phagoeytie eells are part 
of the monoeyte-maerophage system. They engulf pathogens, eell debris, 
and damaged blood eells. Stellate maerophages also store iron, some lipids, 
and heavy metals, such as tin or mercury, that are absorbed by the digestive 
traet. 

Blood enters the liver sinusoids from small branehes of the portal vein and 
hepatie artery proper. A typieal lobule is hexagonal (six-sided) in eross seetion. 
There are six portal triads, one at eaeh eorner of the lobule. A portal triad 
eontains three structures: (1) an interlobular vein, (2) an interlobular artery, 
and (3) an interlobular bile duct igure 25.20] . 

Branehes from the arteries and veins deliver blood to the sinusoids of adja- 
eent liver lobules igure 25.20a,b]. As blood flows through the sinusoids, 
hepatoeytes absorb solutes from the plasma and seerete materials such as 
plasma proteins. Blood then leaves the sinusoids and enters the eentral vein of 
the lobule. The eentral veins ultimately merge to form the hepatie veins, which 
then empty into the inferior vena eava. 

Bile Seeretion and Transport The hepatoeytes form bile. It is seereted 
into a network of narrow ehannels between adjaeent liver eells. These small 
ehannels, ealled bile canaliculi (singular, canaliculus ), extend outward, away 
from the eentral vein (Figure 25.20b). The canaliculi eonneet with fine bile 
ductules (DUK-tulz) that earry bile to an interlobular bile duct in the near- 
est portal triad ìgure 25.20a,b] . The right and left hepatie ducts eolleet 
bile from all the bile ducts of the liver lobes. These ducts unite to form the 
eommon hepatie duct that leaves the liver. The bile in the eommon hepatie 
duct either flows into the bile duct that empties into the duodenal ampulla or 
enters the eystie duct that leads to the gallbladder igure 25.2" . 

The Gallbladder 

► KEY POINT The gallbladder stores and eoneentrates bile before it is excreted 

into the small intestine. 


The Blood Supply to the Liver ehapter 22 discussed the circulation to 
the liver (Figures 22.15 and 22.22). pp. 588, 596 

Two blood vessels deliver blood to the liver, the hepatie artery proper 
and the hepatie portal vein Figures 25.1 6a and 5.1 9d] . Roughly one- 
third of the normal hepatie blood flow arrives through the hepatie artery; 
the rest arrives through the hepatie portal vein. Blood returns to the sys- 
temie circuit through the hepatie veins, which empty into the inferior vena 
eava. The arterial supply provides oxygen-rich blood to the liver, and the 
hepatie portal vein supplies nutrients and other ehemieals absorbed from 
the intestine. 



Histology of the Liver 

Eaeh lobe of the liver is divided by eonneetive tissue into approximately 100,000 
liver lobules, the basie functional units of the liver. gure 25.20 shows the 
histologieal organization and structure of a typieal liver lobule. 


The Liver Lobule In a liver lobule, the liver eells, or hepatoeytes 
(HEP-a-tò-sTts), form a series of irregular plates arranged like the 
spokes of a wheel lgure 25.20 . Up to the age of 7, the plates are no 
more than two eells. After age 7 the plates are only one eell thiek. The 
exposed apieal and basal surfaces of the hepatoeytes are eovered with 
short mierovilli. Blood entering the liver by the hepatie artery proper 
and the hepatie portal system drain into highly fenestrated eapillar- 
ies termed hepatie sinusoids that surround the plates of hepatoeytes. 


The gallbladder is a hollow, pear-shaped, muscular sae. The gallbladder stores 
and eoneentrates bile before it is released into the small intestine. The gallblad- 
der is loeated in a reeess, or fossa, in the posterior surface of the liver’s right 
lobe. Like the liver, the gallbladder is intraperitoneal. 

The gallbladder is divided into three regions: the fundus, body, and 
neek gure 25.21a,c]. The eystie duct exits the gallbladder and unites 
with the eommon hepatie duct to ereate the bile duct gure 25.21 a,c] . 
At the duodenum, a muscular sphineter of ampnlla surrounds the 
lumen of the bile duct and the duodenal ampulla |ures 25.1 , p. 671, 
and 25.21b). The duodenal ampulla opens into the duodenum at the 
duodenal papilla, a small raised projeetion. Contraction of this sphine- 
ter seals off the passageway and prevents bile from entering the small 
intestine. 

The gallbladder has two major functions: storing and modifying bile. 
When the sphineter of the ampulla is elosed, bile enters the eystie duct and 
flows into the gallbladder for storage. When filled to eapaeity, the gallbladder 
eontains 40-70 ml of bile. As bile remains in the gallbladder, its eomposition 
gradually ehanges. Water is absorbed from the bile, and the bile salts and 
other eomponents of bile beeome inereasingly eoneentrated. 

Bile ejeetion occurs under stimulation of the hormone eholeeystoki- 
nin (CCK). Cholecystokinin is released into the bloodstream at the duode- 
num when ehyme arrives eontaining large amounts of lipids and partially 
digested proteins. CCK relaxes the sphineter of the ampulla and eontraets the 
gallbladder. 
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Figure 25.20 Liver Histology 
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Diagram of lobular organization. 



Magnified view showing the portal triad and eentral vein. 
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Light mierograph showing representative mammalian liver lobules. 
Human liver lobules laek a distinet eonneetive tissue boundary, 
making them difficult to distinguish in histologieal seetion. 



Light mierograph showing histologieal detail 
of portal triad. 


Histologieal Organization of the Gallbladder 

The wall of the gallbladder is eomposed of only the mucosa, lamina propria, 
muscular layer and serosa; a muscularis mucosae and submucosa are laeking. 
The mucosa has numerous folds that divide the surface into irregular nnieosal 
glands. The lamina propria is eomposed of areolar eonneetive tissue, and the 
muscular layer is eomposed of two interlaeing layers of smooth muscle. The 
inner layer is eomposed mostly of longitudinally arranged smooth muscle, 
while the outer layer is eomposed mostly of circularly arranged smooth muscle. 
(Figure 25.22). 


The Panereas 

► KEY POINT The panereas is a mixed gland, having both exocrine and endo- 
erine functions. The exocrine panereas produces digestive enzymes and buffers 
that are emptied into the duodenum. 

The panereas lies posterior to the stomaeh, extending laterally from the duo- 
denum toward the spleen ures 25.21a and 5.2 . The panereas is 

an elongated, pinkish-gray organ, approximately 15 em (6 in.) long and 
weighing around 80 g (3 oz). It has three subdivisions: head, body, and tail. 
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Figure 25.21 The Gallbladder and Assoeiated Bile Ducts 
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A portion of the lesser omentum has been cut away to make 
it easier to see the relationships among the bile duct, the 
hepatie duct, and the eystie duct. 


The broad head of the panereas lies within the loop formed by the initial seg- 
ment of the duodenum. The slender body extends transversely to the left toward 
the spleen, and the tail is short and rounded. The panereas is seeondarily retro- 
peritoneal, and it is firmly bound to the posterior wall of the abdominal eavity. 

The surface of the panereas has a lumpy, nodular texture. A thin, trans- 
parent eonneetive tissue capsule wraps the panereas. The panereatie lobules, 
assoeiated blood vessels, and excretory ducts are easily seen through the anterior 
capsule and the overlying layer of peritoneum. 

The panereas is a mixed gland, with both exocrine and endoerine 
functions. The exocrine portion of the panereas produces digestive enzymes 
and buffers. (Chapter 19 discussed the endoerine function of the panereas 
*D pp. 518-520). 

The large panereatie duct delivers its exocrine seeretions to the duodenal 
ampulla. Sometimes a small aeeessory panereatie duct, or duct of Santorini, 
branehes from the panereatie duct before it leaves the panereas gures 25.21 
and !5.23a] . The panereatie duct extends within the attaehed mesentery to 
reaeh the duodenum, where it meets the bile duct from the liver and gallblad- 
der. The two ducts then empty into the duodenal ampulla, a ehamber loeated 
roughly halfway along the length of the duodenum. When present, the aeees- 
sory panereatie duct usually empties into the duodenum at a separate duodenal 
papilla, outside the duodenal ampulla. 

The splenie, superior mesenterie, and eommon hepatie arteries supply the 
panereas with blood :gures 22.15a and S.23a] . tD p. 588 The panereatie 
arteries and pancreaticoduodenal arteries (superior and inferior) are the 
major branehes from these vessels. The splenie vein and its branehes drain the 
panereas ígure 22.2; . tD p. 596 

Histologieal Organization of the Panereas 

Connective tissue septa divide the panereatie tissue into distinet lobules 
(I gure 25.23b,c). The blood vessels and tributaries of the panereatie ducts 
are found within these eonneetive tissue septa. The panereas is an example of 
a compound tubulo-acinar gland. p. 58 The seeretory units of the exocrine 
panereas are the panereatie aeini (AS-i-nl). Eaeh panereatie acinus is eom- 
posed of a simple cuboidal epithelium. The panereatie aeini are the beginning 
of the duct system of the panereas. These ducts drain into progressively larger 
ducts, which drain into the main panereatie duct, which runs the length of 
the panereas. 

Figure 25.22 Histology of the gallbladder mucosa 
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A radiograph (eholangiogram, anterior-posterior view) of the 
gallbladder, biliary ducts, and panereatie ducts. 
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Figure 25.23 The Panereas 
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Gross anatomy of the panereas. The head of the panereas is tucked into 
a curve of the duodenum that begins at the pyloms of the stomaeh. 
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The panereatie aeini produce panereatie juice, a mixture of water, ions, 

and panereatie digestive enzymes. These enzymes are released into the duode- 

num, where they break down ingested materials into small molecules suitable 

for absorption. The panereatie ducts also seerete buffers (primarily sodium 

biearbonate). These buffers neutralize the aeid in ehyme and stabilize the pH of Panereatie islet 
the intestinal eontents. (endoerine) 

As we saw in ehapter 19, panereatie islets are seattered between the aeini. 

They account for approximately 1 pereent of the cellular population of the pan- 
ereas and are responsible for the organ’s endoerine function. 
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Diagram of the histologieal 
organization of the panereas 
showing exocrine and endoerine 
regions. 
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Panereatie Enzymes 

Panereatie enzymes are elassified aeeording to their intended targets. Lipases 
(LÍ-pà-zez) digest lipids; earbohydrases (kar-bò-HÍ-drà-zez), such as panere- 
atie amylase, digest sugars and starehes; nucleases break down nucleic aeids; 
and proteolytie (prò-tè-ò-LIT-ik) enzymes break proteins apart. The proteo- 
lytie enzymes include proteinases and peptidases. Proteinases break apart 
large protein complexes, and peptidases break small peptide ehains into indi- 
vidual amino aeids. 
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The Regulation of Panereatie Seeretion 

Hormones released by the duodenum trigger the seeretion of panereatie juice. 
When aeid ehyme arrives in the small intestine, seeretin is released. This hor- 
mone triggers the production of the watery panereatie juice eontaining buffers. 
Another duodenal hormone, eholeeystokinin, stimulates the production and 
seeretion of panereatie enzymes. 


Histology of the panereas showing exocrine and 
endoerine eells. 


25.8 CONCEPT CHECK 

23 What are the three major functions of the liver? 

24 What does eontraetion of the sphineter of ampulla 
aeeomplish? 

25 What are the functions of the panereas? 


See the blue Ansvvers tab at the baek of the book 
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25.9 Aging and the Digestive System 

► KEY POINT Age -related ehanges in the digestive system include accumulat- 
ing damage, deelining rate of stem eell division, deereased smooth muscle tone 
and aetivity, and inereased rates of eaneer. 

Digestion and absorption are essentially normal in elderly individuals. How- 
ever, many ehanges in the digestive system parallel age-related ehanges in other 
systems: 

■ The effeets of cumulative damage beeome apparent. A familiar example is the 
gradual loss of teeth because of tooth deeay or gingivitis. Cumulative damage 
ean involve internal organs as well. Toxins such as aleohol, heavy metals, and 
other ehemieals that are absorbed by the digestive traet are transported to the 
liver for proeessing or storage. The liver eells are not immune to these eom- 
pounds, and ehronie exposure ean lead to eirrhosis or other types of liver disease. 

■ The rate of epithelial stem eell division deelines. Stem eells in the epithelmm 
divide less frequently with age, so tissue repair is less effieient. As a result, the 
digestive epithelium beeomes more susceptible to damage by abrasion, aeids, 
or enzymes. Peptie ulcers beeome more likely. In the mouth, esophagus, and 
anus, the stratified epithelium beeomes thinner and more fragile. 

■ Smooth muscle tone deereases, general motility deereases, and peristaltie 
eontraetions are weaker. These ehanges slow down the movement of ehyme 
and promote eonstipation. Sagging in the walls of haustra in the eolon 
produces symptoms of diverticulitis. Straining to eliminate eompaeted 


feeal materials stresses the less resilient walls of blood vessels, producing 
hemorrhoids. A weakened eardiae sphineter ean lead to esophageal reflux 
and frequent << heartburn. ,, 

■ Cancer rates inerease. Cancers are most eommon in organs where stem 
eells divide to maintain epithelial eell populations. Rates of eolon eaneer 
and stomaeh eaneer rise in the elderly; oral and pharyngeal eaneers are 
particularly eommon in elderly smokers. 

■ Changes in other systems affeet the digestive system direetly or indireetly. 
For example, reduced bone mass and calcium eontent in the skeleton result 
in the erosion of the tooth soekets and eventual tooth loss. The deeline in 
olfaetory and gustatory sensitivity with age leads to dietary ehanges that 
affeet the entire body. 

25.9 CONCEPT CHECK 

26 List some general digestive system ehanges that 
w occur with aging. 

See the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y SIIMMARY 

For an introduction to the development of the digestive system, see Chapter 28 
(Embryology and Human Development). 


Study Outline 


lntroduction p. 651 

■ The digestive system eonsists of the muscular digestive traet 
and various aeeessory organs. 

25.1 An Overview of the Digestive System p. 651 

Histologieal Organization of the Digestive Traet p. 651 

■ The major layers of the digestive traet are the mucosa (formed 
by the mucosal epithelium and lamina propria), submucosa 

(areolar tissue), the muscular layer (a region of smooth muscle 
fibers), and (in the peritoneal eavity) a serous membrane ealled the 
serosa. (See Figures 25.1 and 25.2.) 

Muscular Layers and the Movement of Digestive 
Materials p. 652 

■ The smooth muscle eells of the digestive traet are eapable of 
plastieity, which is the ability to tolerate extreme stretehing. The 
digestive system eontains viseeral smooth muscle tissue, in which 
the muscle eells are arranged in sheets and eontain no motor 
innervation. The presenee of paeesetter eells allows for rhythmie 
waves of eontraetion that spread through the entire muscular sheet. 

■ The muscular layer propels materials through the digestive 
traet through the eontraetions of peristalsis. Segmentation 
movements in areas of the small intestine churn digestive materials. 
(See Figure 25.3.) 

The Peritoneum p. 654 

■ The serosa, also known as the viseeral peritoneum, is continuous 
with the parietal peritoneum that lines the inner surfaces of the 
body wall. 


■ Fused double sheets of peritoneal membrane ealled mesenteries 
suspend portions of the digestive traet. (See Figures 25.2a and 25.4 
and Spotlight Figure 25.10.) 

m Organs of the abdominal eavity may have a variety of relationships 
with the peritoneum, including intraperitoneal, retroperitoneal, 
and seeondarily retroperitoneal. 

25.2 The Oral Cavity p. 655 

■ The functions of the oral eavity include (1) sensory analysis of 
potential foods, (2) meehanieal proeessing using the teeth, tongue, 
and palatal surfaces, (3) lubrication by mixing with mucus and salivary 
seeretions, and (4) digestion by salivary enzymes. Structures of the oral 
eavity include the tongue, salivary glands, and teeth. fSee Figure 25.5.) 

Anatomy of the Oral Cavity p. 655 

The oral eavity is lined by a stratified squamous epithelium. The 
hard and soft palates form the roof of the oral eavity. Other 
important features ean be seen in Figure 25.5. 

m The tongue aids in meehanieal proeessing and manipulation of 
food as well as sensory analysis. The superior surface (dorsum) 
of the body of the tongue is eovered with papilíae. The inferior 
portion of the tongue eontains a thin fold of mucous membrane 
ealled the frenulum of the tongue. intrinsie and extrinsic 
tongue muscles are eontrolled by the hypoglossal nerve. 

(5ee Figure 25.5.) 

m The parotid, sublingual, and submandibular glands diseharge 
their seeretions into the oral eavity. The parotid glands release 
salivary amylase, which begins the breakdown of earbohydrates. 
(5ee Figures 25.5 and 25.6.) 
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■ Saliva lubricates the mouth f so!ubilizes food # dissolves chemicals f 
flushes the oral surfaces f and helps eontrol baeteria. Salivation is 
usually eontrolled by the autonomic nervous system. 

■ Dentine forms the basie structure of a tooth. The crown is eoated 
with enamel, and the root with eement. The neek marks the 
boundary between the root and the crown. The periodontal 
ligament anehors the tooth in an alveolar soeket. Mastieation 
(chewing) occurs through the eontaet of the opposing occlusal 
surfaces of the teeth. (See Figure 25.7.) 

m There are four types of teeth f eaeh with speeifie functions: ineisors, 
for cutting; eanines (cuspids), for tearing; premolars (bicuspids), 
for emshing; and molars, for grinding. fSee Figure 25.7b,c.) 

m The first set of teeth to appear are ealled deciduous teeth. These 
are replaeed by the adult permanent teeth. The sequence of 
tooth emption is presented in Figure 25.7d. 

m Mastieation forees the food aeross the surfaces of the teeth until it 
forms a bolus that ean be swallowed easily. 

25.3 The Pharynx p. 661 

■ Skeletal muscles involved with swallowing include the pharyngeal 
eonstrietor muscles and the palatopharyngeus f stylopharyngeus f 
and palatal muscles. 

The Swallowing Proeess p. 661 

■ Deglutition (swallowing) has three phases. The buccal phase 
begins with the eompaetion of a bolus and its movement into 
the pharynx. The pharyngeal phase involves the elevation of 
the larynx f refleetion of the epiglottis f and closure of the glottis. 
Finally f the esophageal phase involves the opening of the upper 
esophageal sphineter and peristalsis moving the bolus down the 
esophagus to the lower esophageal sphineter. fSee Figure 25.8.) 

25.4 The Esophagiis p. 661 

■ The esophagus is a hollow muscular tube that transports food and 
liquid to the stomaeh through the esophageal hiatus, an opening 
in the diaphragm. fSee Figures 25.1 and 25.8.) 

Histology of the Esophageal Wall p. 663 

■ The wall of the esophagus is formed by mucosa f submucosa f muscular 
layer f and adventitia layers. (See Figures 25.1, 25.2, and 25.9.) 

25.5 TheStomaeh p.663 

■ The stomaeh has three major functions: (1) bulk storage of 
ingested matter f (2) meehanieal breakdown of resistant materials f 
and (3) ehemieal digestion through the dismption of ehemieal 
bonds using aeids and enzymes. 

Anatomy of the Stomaeh p. 663 

The stomaeh is divided into four regions: the eardia, fundus, body, 
and pylorie part. The pylorie sphineter guards the exit from the 
stomaeh. The mucosa and submucosa have longitudinal folds f ealled 
gastrie folds. The muscular layer is formed of three bands of smooth 
muscle: a longitudinal layer f a circular layer f and an inner oblique 
layer. (See Spotlight Figure 25.10 and Figures 25.4, 25.11, and 25.12.) 

m The mesenteries of the stomaeh are the greater omentum and 
the lesser omentum. 

Three branehes of the eeliae trunk supply blood to the stomaeh: the 
left gastrie artery f the splenie artery f and the eommon hepatie artery. 
(See Figures 22.15 and 22.22 and Spotlight Figure 25.10). 


Histology of the Stomaeh p. 666 

Simple columnar epithelia line all portions of the stomaeh. Shallow 
depressions f ealled gastrie pits f eontain the gastrie glands of 
the fundus and body. Parietal eells seerete intrinsie faetor and 
hydroehlorie aeid. Chief eells seerete pepsinogen, which aeids in 
the gastrie lumen eonvert to the enzyme pepsin. G eells of the 
stomaeh seerete the hormone gastrin. (See Figure 25.12.) 

Regulation of Gastrie Aetivity p. 668 

■ The production and seeretion of gastrie juices are direetly 
eontrolled by the CNS and the eeliae plexus. The release of the loeal 
hormones seeretin and eholeeystokinin inhibits gastrie seeretion 
but stimulates seeretion by the panereas and liver. 

25.6 The Small Intestine p. 668 

Regions of the Small Intestine p. 669 

■ The small intestine includes the duodenum f jejunum f and 
ileum. (See Figures 25.2a,b, 25.4b, 25.11, 25.13, 25.14a, and 25.15.) 

Support of the Small Intestine p. 669 

■ The superior mesenterie artery and superior mesenterie vein supply 
numerous branehes to the segments of the small intestine. (See 
Figures 22.15 and 22.22.) 

m The mesentery proper supports the branehes of the superior 
mesenterie artery and vein f lymphatics f and nerves that supply the 
jejunum and ileum. (See Figures 22.15, 22.22, and 25.4.) 

Histology of the Small Intestine p. 669 

■ The intestinal mucosa bears transverse folds ealled circular folds. 
The rrmeosa of the small intestine forms small projections f ealled 
intestinal villi f that inerease the surface area for absorption. Eaeh 
villus eontains a terminal lymphatie ealled a laeteal. Poekets ealled 
intestinal glands house enteroendoerine, goblet f and stem eells. 
(See Figures 25.4, 25.11, and 25.13-25.15.) 

m The regions of the small intestine have histologieal speeializations 
that determine their primary functions. The duodenum (1) eontains 
duodenal submucosal glands that aid the glands in producing 
mucus and (2) reeeives the seeretions of the bile duct and 
panereatie duct. The ileum eontains large groups of aggregated 
lymphoid nodules (Peyer's patehes) within the lamina propria. 
(See Figures 25.1, 25.4, 25.11, 25.13, 25.15, and 25.21 a,d.) 

Regulation of the Small Intestine p. 672 

■ Intestinal juice moistens the chyme f helps buffer acids f and 
dissolves digestive enzymes and the products of digestion. 

25.7 The Large Intestine p. 672 

■ The large intestine (large bowel) begins as a pouch inferior to 
the terminal portion of the ileum and ends at the anus. The main 
functions of the large intestine are to (1) reabsorb water and eompaet 
feces f (2) absorb vitamins by bacteria f and (3) store feeal material prior 
to defeeation. (See Figures 25.1, 25.4, 25.11, 25.13, and 25.16-25.18.) 

m The large intestine is divided into three parts: the cecum, the 
eolon, and the rectum. 

The Cecum and Appendix p. 672 

■ The cecum eolleets and stores materials arriving from the ileum. 

The ileum opens into the cecum with muscles eneireling the opening 
forming the ileoeeeal valve. The appendix is attaehed to the cecum f 
and it functions as part of the lymphatie system. (See Figure 25.16.) 


ehapter 25 The Digestive System 


683 



The Colon p. 672 

The eolon has a larger diameter and a thinner wall than the small 
intestine. It bears haustra (pouches) # the teniae eoli (longitudinal 
bands of muscle) f and omental appendiees, or fatty apperidiees 
ofthe eolon (fat aggregations within the serosa). (5ee Figures 25.16 
and 25.17.) 

■ The eolon is subdivided into four regions: aseending, transverse, 
deseending, and sigmoid. (See Figures25A, 25.16, and 25.17.) 

The Rectum p. 674 

■ The rectum terminates in the anal eanal leading to the anus. 
Internal and external anal sphineters eontrol the passage of 
feeal material to the anus. Distension of the reetal wall triggers the 
defeeation reflex. (See Figures 25.11, 25.16, and 25.17.) 

Histology of the Large Intestine p. 674 

■ The major histologieal features of the eolon are laek of villi f 
abundance of goblet cells f and distinetive mucus-secreting 
intestinal glands. (See Figures 23.7 and 25.18.) 

Regulation of the Large Intestine p. 675 

Movement from the cecum to the transverse eolon occurs slowly via 
peristalsis and haustral churning. Movement from the transverse 
to the sigmoid eolon occurs several times eaeh day via mass 
movements. 

25.8 Aeeessory Digestive Organs p.675 

The Liver p. 675 

■ The liver performs metabolie and hematologieal regulation and 
produces bile. Its metabolie role is to regulate the eoneentrations 
of wastes and nutrients in the blood f and its hematologieal role is 
as a blood reservoir. fSee Figures 25.11, 25.19, and 25.20 and Table 
25.1.) 

■ In the elassieal topographieal deseription of the liver f the organ is 
divided into four lobes: left f right, quadrate, and caudate. The 
gallbladder is loeated in a fossa within the posterior surface of 
the right lobe. New terminology has reeently been adopted f based 
on subdivisions of the hepatie artery f portal vein f and hepatie 
ducts. fSee Figure 25.19a,b,c,d,f.) 

m The hepatie artery proper and hepatie portal vein supply blood 
to the liver. Hepatie veins drain blood from the liver and return it 
to the systemie circuit via the inferior vena eava. (5ee Figures 22.15, 
22.22, and 25.19d.) 


Liver eells are speeialized epithelial cells f termed hepatoeytes. 
Stellate maerophages (Kupffer eells) are phagoeytie eells that 
reside in the sinusoidal lining. The liver lobule is the basie 
functional unit of the liver. Eaeh lobule is hexagonal in eross seetion 
and eontains six portal triads. A portal triad eonsists of a braneh 
of the hepatie portal vein f a braneh of the hepatie artery proper f 
and a braneh of the hepatie (bile) duct. Bile canaliculi earry bile 
to bile ductules, which earry bile to the interlobular bile ducts. 
The left and right hepatie ducts, which merge to form the 
eommon hepatie duct. (5ee Figures 25.19-25.22.) 

The Gallbladder p. 678 

The gallbladder is a hollow muscular organ that stores and 
eoneentrates bile before excretion in the small intestine. Bile 
salts break apart large drops of lipids and make them aeeessible 
to digestive enzymes. Bile ejeetion occurs under stimulation of 
eholeeystokinin (CCK). 

■ The gallbladder is divided into fundus, body, and neek regions. 
The eystie duct leads from the gallbladder to merge with the 
eommon hepatie duct to form the bile duct. (5ee Figures 25.15, 
25.19d, and 25.21.) 

m The wall of the gallbladder is eomposed of only the mucosa f lamina 
propria f muscular layer f and serosa. (See Figure 25.21.) 

The Panereas p. 679 

■ The panereas is divided into head, body, and tail regions. 

The panereatie duct penetrates the wall of the duodenum. 

Within eaeh lobule f ducts braneh repeatedly before ending in 
the panereatie aeini (blind poekets). An aeeessory panereatie 
duct may be present. Panereatie juice is diseharged into the 
duodenum. (5ee Figures 22.15, 25.16a, 25.21 a, and 25.23.) 

m Panereatie tissue eonsists of exocrine and endoerine portions. The 
bulk of the organ is exocrine in function f as the panereatie aeini 
seerete water f ions f and digestive enzymes into the small intestine. 
Panereatie enzymes include lipases, earbohydrases, nucleases, 
and proteolytie enzymes. The major hormones produced by the 
endoerine portion are insulin and glucagon. 

25.9 Aging and the Digestive System p.682 

■ Normal digestion and absorption occur in elderly individuals; 
however f ehanges in the digestive system refleet age-related 
ehanges in other body systems. These include a slowed rate of 
epithelial stem eell division f a deerease in smooth muscle tone f the 
appearanee of cumulative damage f an inerease in eaneer rates f and 
numerous ehanges in other systems. 
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ehapter Review 


For ansvvers , see the blue Ansvvers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. segmentation. == 

2. mesentery proper. == 

3. cuspids. == 

4. serosa. == 

5. buccal fat pads. _ 

6. mastieation. == 

7. bicuspids. == 

8. digestive traet. == 

9. mesoeolon. == 

10. peristalsis. . 

a. mesentery sheet suspending small 
intestine 

b. propels materials through the digestive 
traet 

e. churn and fragment digestive materials 

d. eanines 

e. meehanieal/ehemieal digestion of food 

f. serous membrane eovering muscularis 
externa 

g. chewing 

h. premolars 

i. mesentery assoeiated with the large 
intestine 

j. form the eheeks 


11. Label the digestive system structures in the 
following figure. 


a 

Mouth 










■ 

i 



(a) 

(e) 

(e) 

(g) 

(i) 

(k) 


(b) 

(d) 

(f) 

(h) 

(j) 


12. The aetions involved in the meehanieal 
proeessing of food include all but which of 
the following? 

(a) absorption 

(b) squashing foods with the tongue 

(e) tearing or crushing foods with the teeth 

(d) churning or swirling of the foods by the 
stomaeh 

13. Digestion refers to 

(a) the progressive dehydration of 
indigestible residue. 

(b) the input of food into the digestive traet. 

(e) the ehemieal breakdown of food. 

(d) the absorption of nutrients into the gut. 

14. Most of the digestive traet is lined by 

(a) pseudostratified eiliated columnar 
epithelium. 

(b) cuboidal epithelium. 

(e) stratified squamous epithelium. 

(d) simple columnar epithelium. 

15. The_are double sheets of peritoneal 

membrane that hold some of the viseeral 
organs in their proper position. 

(a) serosa 

(b) adventitia 

(e) mesenteries 

(d) fibrosa 

16. The aetivities of the digestive system are 
regulated by 

(a) hormones. 

(b) parasympathetie neurons. 

(e) sympathetie neurons. 

(d) all of the above. 

17. Label the four layers of the digestive traet in 
the following diagram. 


Mesenterie 
artery and vein 



(a) 

(b) 
(e) 
(d) 


18. Sandwiched between the layer of circular 
and longitudinal muscle in the muscular 
layer is the 

(a) mucosa. 

(b) submucosa. 

(e) muscularis mucosa. 

(d) myenterie neural plexus. 

19. The mesentery that suspends most of the 
small intestine is the 

(a) mesentery proper. 

(b) transverse mesentery. 

(e) lesser omentum. 

(d) greater omentum. 

20. The passageway between the oral eavity and 
the pharynx is the 

(a) uvula. 

(b) fauces. 

(e) palatoglossal areh. 

(d) palatopharyngeal areh. 

21. Theventral mesentery 

(a) beeomes the main attaehment point for 
digestive organs in the peritoneal eavity 
in the adult. 

(b) is highly glandular 7 but not vascular. 

(e) eontains and forms a pathway for the 
hepatie portal vein and its tributaries. 

(d) none of the above 

Level 2 Reviewing Concepts 

1. Which of the following does not apply to 
the entire small intestine? 

(a) It is the primary site of digestion and the 
absorption of approximately 80 pereent 
of nutrients. 

(b) It averages 6 meters in length. 

(e) It is retroperitoneal. 

(d) It has a series of transverse folds ealled 
circular folds. 

2. In elderly individuals # the function of the 
digestive traet 

(a) ehanges in ways that parallel age-related 
ehanges of most other systems of the 
body. 

(b) is independent of the ehanges that occur 
in other systems. 

(e) ean be determined by a study of liver 
function. 

(d) improves in effieieney, but not in the rate 
of digestion. 

3. How would damage or removal of parts 
of the mesentery interfere with normal 
function of the small intestine? 

(a) It would cause an inerease in peristalsis. 

(b) Hormone seeretion would inerease. 

(e) The blood and nerve supply would suffer 
interferenee. 

(d) The intestines would lose some of their 
motility. 
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4. What is the function of the lipase from the 
panereas? 

5. What is the function of the hepatopanereatie 
sphineter? 

6. What does the gallbladder do with bile? 

7. What is the function of stellate 
maerophages? 

8. What is the last region of the eolon before it 
reaehes the rectum? 

9. What is the function of the laeteals in the 
small intestine? 

10. What triggers the release of gastrin? 


Level 3 Critical Thinking 

1. A rrmrder suspect elaims to have had dinner 
with the vietim 4 hours before the latter was 
killed. The forensie seientist who performed 
the autopsy states that the suspect is lying, 
as it is elear that the vietim had not eaten 
for more than 10 hours. How does the 
forensie speeialist know this? 

2. From the oral eavity to the anus # what six 
sphineters eontrol movement of materials 
through the digestive traet? Over which do you 
have conscious # voluntary eontrol, and why? 

3. From the lumen outward f what six 
histologieal layers form the wall of the 
digestive traet? 




CLlNICAL CASE I WRAP-UP 

L___I_ A 


An Unusual Transplant 


Normally, the lining of the eolon is lubricated with mucus and 
populated with millions of benefieial baeteria. These "good" baeteria 
make up our normal eolonie mierobiome. They help us digest food 
and generate essential vitamins. 

When antibioties kill these normal intestinal baeteria, other strains 
of baeteria ean replaee them. Often, the replaeing baeteria are harmful # 
producing toxins that irritate the intestinal lining and cause eolitis. This 
is the ease with Clostridium diffieile, or "C. diff." 

One treatment for stubborn C. diffieile infeetions is a feeal 
mierobiota transplant from a suitable donor—often a relative. Feees 
from a healthy donor eontain populations of good baeteria that usually 
eolonize the large intestine. With a minimal amount of proeessing, the 
donated feees are infused into the patient, often through a nasogastrie 
(NG) tube inserted into the nose and passed through the stomaeh 
into the duodenum. These normal baeteria take up residenee in the 
patient's large intestine, crowd out the harmful C. diffieile baeteria, and 
resume their usual work of digestion and vitamin production. 

Tayvian agreed to proeeed with the feeal transplant. After the 
procedure # he reeovered eompletely and left the hospital. 

1. If Tayvian's Clostridium diffieile eolitis was not treated with a feeal 
transplant, what kind of health problems might he continue to 
experience? 


* 



BRISTOL STOOL OHART 



Type 1 



Type 2 



Type 3 



Type 4 



Type 5 



Type 6 



Type 7 


Separate hard lumps 


Lumpy and sausage like 


A sausage shape with 
eraeks in the surface 


Like a smooth, soft sausage 
or snake 


Soft blobs with clear-cut edges 


Mushy eonsisteney with 
ragged edges 


Liquid eonsisteney with no 
solid pieees 


Very eonstipated 


Slightly eonstipated 


Normal 


Normal 


Laeking fibre 


Inflammation 


Inflammation 


2. If you could look inside Tayvian's large intestine with a eolonoseope, 
what would you see? 


5ee the blue Ansvvers tab at the baek of the book. 



Related Ginieal Terms 


Crohn disease: An incurable ehronie 
inflammatory bowel disease that ean 
affeet any part of the digestive traet, from 
the mouth to the anus. The presenee of 
strietores, fistolas, and fissures is eommon. 

esophageal variees: Swollen and fragile 
esophageal veins that result from portal 
hypertension. 

gastreetomy: The surgical removal of the 
stomaeh, generally to treat advaneed 
stomaeh eaneer. 


irritable bowel syndrome (IBS): A eommon 
disorder affeeting the large intestine, 
aeeompanied by eramping, abdominal pain # 
bloating, gas # diarrhea, and eonstipation. 

panereatie eaneer: Malignaney of the 

panereas that does not cause symptoms in 
its early stages # leading to late deteetion 
and a survival rate of only 4 pereent. 

periodontal disease: A loosening of the 
teeth within the alveolar soekets caused 
by erosion of the periodontal ligaments by 
aeids produced through baeterial aetion. 


polyps: Small growths with a stalk protruding 
from a mucous membrane that are usually 
benign. 

pylorie stenosis: Llneommon eondition in 
which the muscle of the lower end of the 
stomaeh enlarges and prevents food from 
entering the small intestine. 
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These Learning Oiiteomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 



Outline the gross and histologieal anatomy of 
the kidney. p. 688 

Outline the gross and histologieal anatomy of 
the ureter, bladder, and urethra. p. 697 

Give examples of the effeets of aging on the 
urinary system. p. 702 



This Too Shall Pass 

Jack 7 a senior at the llniversity of Florida, is on the golf team. It has been a 
long, hot season. While taking a praetiee swing one day 7 he experiences pain 
in his left lumbar area. The pain is so sharp that he excuses himself and heads 
to the bathroom. Feeling an urge to urinate 7 Jaek experiences another sharp 
pain that radiates to his hypogastrie region. Jaek notiees his urine is pinkish. 
The next wave of pain brings him to his knees and makes him vomit. 

Jaek's pain is so severe he ean't get up. He ealls for help and is taken to 
the elosest emergeney room. He is doubled over with pain that radiates in 
waves from his left lumbar area just under his ribs to his groin. He urinates 
frequently 7 and now his urine looks bloody. 

As Jaek's doetor inserts an IV to infuse fluids # he explains that the only time 
he sees patients in such pain in this loeation is from "renal eolie." "And if I am 
right, a CT sean wi11 show what is going on." 

What is happening to Jaek? To find out; turn to the dinieal Case Wrap-Up 
on p. 706. 













THE COORDINATED AOTIVITIES of the digestive, cardiovascular, respiratory, 
and urinary systems prevent “pollntion” problems inside the body. The digestive 
traet absorbs nutrients from food, and the liver adjusts the nutrient eoneentra- 
tion of the circulating blood. The cardiovascular system delivers these nutrients, 
along with oxygen from the respiratory system, to peripheral tissues. The eardio- 
vascular system then earries the earbon dioxide and other wastes generated by 
aetive eells to sites of excretion. The earbon dioxide is eliminated at the lungs. 

The urinary system removes most metabolie wastes generated by body 
eells. This ehapter deseribes the organs of the urinary system and explains how 
the kidneys remove these wastes from the bloodstream to produce urine. The 
digestive and integumentary systems assist; however, their contributions are 
minor eompared to that of the urinary system. 

The urinary system has other essential functions, including the following: 

■ regulating blood plasma eoneentrations of sodium, potassium, ehloride, 
calcium, and other ions by eontrolling the quantities excreted in the urine; 

■ regulating blood volume and blood pressure by (a) adjusting the volume of 
water lost in the urine, (b) releasing erythropoietin, and (e) releasing renin; 

■ working with the respiratory system to regulate blood pH; 

■ eonserving valuable nutrients by preventing their excretion in the urine; 

■ eliminating metabolie wastes, espeeially urea, uric aeid, toxic substances, 
and drugs; 

■ synthesizing ealeitriol, a hormone derivative of vitamin D 3 that stimulates 
calcium ion absorption by the intestinal epithelium; 


Figure 26.1 An introdiietion to the llrinary System 
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llrinary System 




Kidney 

Produces urine 
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the urinary bladder 
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in males also transports 
semen 


v 1 




JM I 


il 


‘ i 





Adrenal 

gland 
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and vein 

Inferior 
vena eava 


Aorta 




■ helping the liver detoxify poisons; and 

■ during starvation, deaminating amino aeids to be used by other tissues. 

Urinary system aetivities are carefully regulated to keep the eomposition and 
eoneentration of solutes in the blood within aeeeptable limits. A dismption of any 
one of these functions may have immediate and potentially fatal consequences. 

The urinary system includes the kidneys, ureters, urinary bladder, and 
urethra Figure 26.1 . The kidneys perform the excretory functions of this 
system. These organs produce urine, a fluid waste product eontaining water, 
ions, and small soluble compounds. Urine leaving the kidneys travels along the 
urinary traet. The urinary traet eonsists of the paired ureters (u-RÉ-terz), the 
urinary bladder, and the urethra (u-RÉ-thra). Urine is temporarily stored 
in the urinary bladder. When urination, or micturition (mik-tu-RISH-un), 
occurs, the muscular urinary bladder eontraets to foree urine through the 
urethra and out of the body. 

26.1 The Kidneys 

► KEY POIISIT The retroperitoneal kidneys lie on the posterior abdominal wall. 
The adrenal glands lie on their superior surface, and three layers of eonneetive 
tissue stabilize eaeh kidney. 


The parietal peritoneum eontaets with adjaeent viseeral organs, and sup- 
porting eonneetive tissues maintain the position of the kidneys. Three eoneentrie 
layers of eonneetive tissue gure 26.2b,c) proteet and stabilize eaeh kidney: 

o The fibrous capsule eovers the outer surface of the entire organ. This 
layer of eollagen fibers maintains the shape of the kidney and provides 
physieal proteetion. 

o A layer of adipose tissue, the perinephrie fat or perirenal fat capsule 

( peri -, around, + renes, kidneys) surrounds the fibrous capsule. 

o Collagen fibers extend outward from the inner fibrous capsule through 
the perinephrie fat to a dense outer layer of eonneetive tissue, the renal 
faseia. The renal faseia anehors the kidney to surrounding structures and 
attaehes to the deep faseia surrounding the muscles of the posterior body 
wall. Another layer of adipose tissue, the pararenal ( para , near) fat body, 
separates the posterior and lateral portions of the renal faseia from the 
body wall. Anteriorly, the renal faseia is attaehed to the peritoneum and to 
the anterior renal faseia of the opposite side. 

This arrangement cushions the kidneys, preventing the day-to-day jolts 
of regular aetivity from disturbing normal kidney function. If the suspensory 
fibers streteh, or the amount of adipose tissue padding is reduced, the kidneys 
may beeome more vulnerable to traumatic injury. 



The kidneys lie lateral to the vertebral column between the last thoraeie and 
third lumbar vertebrae on eaeh side. Due to the presenee of the liver on the 
right side of the abdominal eavity, the right kidney sits slightly lower than the 
left kidney Figures 26.1, 26.2, and !6.3a). 

The anterior surface of the right kidney is eovered by the liver, the right 
eolie (hepatie) flexure, and the duodenum. The anterior surface of the left 
kidney is eovered by the spleen, stomaeh, panereas, jejunum, and left eolie 
(splenie) flexure. The adrenal, or suprarenal, gland sits on the superior surface 
of eaeh kidney. The kidneys, adrenal glands, and ureters, which lie against the 
muscles of the posterior body wall, are all retroperitoneal 'gures 26.2b,c, 
and 26.3). 


Superficial Anatomy of the Kidney 

► KEY POINT Thehil um is the entry point for the renal artery and renal nerves 
and the exit point for the renal vein and ureter. 

Eaeh brownish-red kidney has the shape of a kidney bean. A typieal adult kidney 
is approximately 10 em (4 in.) in length, 5.5 em (2.2 in.) in width, and 3 em (1.2 
in.) in thiekness i< iures 26.3 and !6.4 . A single kidney averages around 150 g 
(5.30 oz). Eaeh kidney has an indentation on its medial surface ealled the hiliim. 

The fibrous capsule has inner and outer layers. The inner layer folds inward 
at the hilum and lines the renal sinus, an internal eavity within the kidney 
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Figure 26.2 The llrinary System 
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A posterior view of the trunk showing the positions of the 
kidneys and other structures of the urinary system 


(Figure 26.4a] . Renal blood vessels, lymphatie vessels, nerves, and the ureter pass 
through the hilum and braneh within the renal sinus. The thiek, outer layer of the 
capsule extends aeross the hilum and stabilizes the position of these structures. 


Seetional Anatomy of the Kidney 

► KEY POINT The interior of eaeh kidney eontains a renal cortex, renal medulla, 
and renal sinus. 
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Deep to the renal capsule lies the renal cortex igure 26Aa ] . The renal eor- 
tex is granular and reddish-brown in eolor. The renal medulla is deep to the 
cortex. It eonsists of 6-18 distinet triangular structures, ealled renal pyramids. 
The base of eaeh pyramid faees the cortex, and the tip, the renal papilla, 
projeets into the renal sinus. Eaeh pyramid has a series of fine grooves that 
eome together at the papilla. Bands of eortieal tissue, termed renal columns, 
extend into the medulla of the kidney and separate the adjaeent renal 
pyramids. A kidney lobe eontains a renal pyramid, the overlying area of renal 
cortex, and adjaeent tissues of the renal eolmnns. 

Urine is produced in the kidney lobes. Ducts within eaeh renal papilla 
empty urine into a cup-shaped drain, ealled a minor calyx (KÀ-liks). Four or 
five minor ealyees (KÀL-i-sèz) merge to form a major calyx. The major ealyees 
eombine to form a large, funnel-shaped ehamber, the renal pelvis. The renal 
pelvis is eonneeted to the ureter, which drains the kidney ure 26.4 . 

Urine production begins in the nephrons (NEF-ronz), mieroseopie 
tubular structures. Two types of nephrons are found in the kidney: eortieal 



Cross seetion, as viewed from above, at a level 
slightly superior to the plane of part (b) 


nephrons (in the renal cortex) and juxtamedullary nephrons (eloser to the 
renal medulla). Eaeh kidney has roughly 1.25 million nephrons, with a eom- 
bined length of about 145 km (90 miles). 

The Blood Supply to the Kidneys 

► KEY POINT The kidneys reeeive 20 to 25 pereent of the total eardiae output. 
Afferent arterioles supply individual nephrons and efferent arterioles drain the 
nephrons. 

Twenty to twenty-five pereent of the total eardiae output, or about 1200 mL 
of blood, flows through the kidneys eaeh minute. Eaeh kidney reeeives blood 
from a renal artery. The renal artery branehes from the lateral surface 
of the abdominal aorta near the superior mesenterie artery. It enters the 
renal sinus where it branehes into the segmental arteries igure 26.5 . 
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Figure 26.3 The llrinary System in Gross Disseetion 
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Diagrammatie anterior view of the abdominopelvie eavity showing the kidneys, 
adrenal glands, ureters, urinary bladder, and blood supply to the kidneys 
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Anterior view of the left kidney and assoeiated structures 


Segmental arteries divide into a series of interlobar arteries that radiate out- 
ward, extending through the renal columns between the renal pyramids into 
the cortex. The interlobar arteries supply blood to the arcuate (AR-ku-àt) 
arteries, which areh along the boundary between the renal cortex and 
the renal medulla. Eaeh arcuate artery gives off a number of eortieal 
radiate arteries, or interlobular arteries. These vessels supply portions of the 
adjaeent kidney lobe. Numerous afferent arterioles braneh from eaeh eortieal 
radiate artery to supply individual nephrons Mgure 26.5b,c). 

From the nephrons, blood enters a mirror image of the arterial distribution. 
A network of venules and small veins eonverges on the eortieal radiate ( inter- 
\obu\ar) veins. The eortieal radiate veins deliver blood to arcuate veins that 
empty into interlobar veins. The interlobar veins merge to form the renal 
vein; there are no segmental veins ure 26.5 . Many of these blood vessels 
are visible in eorrosion easts of the kidneys and in renal angiograms 'pures 
26.6b and 26.10b). 


Innervation of the Kidneys 

► KEY POINT Both branehes of the ANS innervate the kidneys. Most of the 
fibers are sympathetie postganglionie fibers. 



Urine production is regulated by altering nephron filtration rates. This is 
aeeomplished through a proeess termed autoregulation. Autoregulation (loeal 
blood flow regulation) involves reflexive ehanges in the diameters of the arte- 
rioles supplying the nephrons, thereby altering blood flow and filtration rates. 
Renal nerves innervate the kidneys and ureters. 

Both branehes of the autonomic nervous system innervate the kidneys. 
However, most of the nerve fibers are sympathetie postganglionie fibers from 
the eeliae and inferior mesenterie ganglia. A renal nerve enters eaeh kidney at 
the hilum. It then follows the branehes of the renal artery to reaeh individual 
nephrons. The sympathetie innervation (1) adjusts rates of urine formation 
by ehanging blood flow at the nephron and (2) influences the eomposition of 
urine by stimulating the release of renin. 


Histology of the Kidney 

► KEY POINT The nephron is the structural and functional unit of the kidney. 
The tubular segments of the nephron are named aeeording to their loeation 
(proximal or distal), thiekness (thiek or thin), and shape (convoluted or straight). 

The nephron is the basie structural and functional unit of the kidney. We ean 
view it only with a mieroseope. iigiire 26. i shows a nephron that has been 
shortened and straightened out. 

The Nephron and Collecting System 

Eaeh nephron eonsists of a renal corpuscle and a renal tubule. The renal 
corpuscle (KOR-pus-ul), a spherieal structure eonsisting of the glomemlar 
capsule, a cup-shaped ehamber, and a eapillary network ealled the glomerulus 
(glò-MER-u-lus; plural, g\omeruli). The renal tubule, a long tubular passage- 
way, begins at the renal corpuscle. Eaeh renal tubule empties into the eolleeting 
system, a series of tubes that earry tubular fluid away from the nephron. 

Blood arrives at the glomerulus through the afferent arteriole and 
leaves by the efferent arteriole gure 26.7 . Filtration aeross the walls of 
the glomerulus produces a protein-free solution known as the glomerular 
filtrate, or simply filtrate. From the renal corpuscle, the filtrate enters a long 
tubular passageway that has three major subdivisions: (1) the proximal 
convoluted tubule, (2) the nephron loop, or loop ofHenle (HEN-lé), and (3) the 
distal convoluted tubule. 

Eaeh nephron empties into the eolleeting system. A eonneeting tubule 

earries the filtrate from the distal convoluted tubule toward a nearby eolleeting 
duct. The eolleeting duct leaves the cortex and deseends into the medulla. It 
earries filtrate toward a papillary duct that drains into the renal pelvis. 

Nephrons from different loeations within the kidney differ slightly in 
structure. Roughly 85 pereent of all nephrons are eortieal nephrons. These 
nephrons are loeated almost entirely within the superficial cortex of the kid- 
ney. In a eortieal nephron, the nephron loop is relatively short, and the effer- 
ent arteriole delivers blood to a network of peritubular eapillaries, which 
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Figure 26.4 Structure of the Kidney 
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Frontal seetion through the left kidney shovving major structures. The outlines 
of a kidney lobe and a renal pyramid are indieated by dotted lines. 
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Figure 26.5 Blood Supply to the Kidneys 
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Circulation in the renal cortex. 



Seetional vievv shovving major arteries and 
veins. Compare with Figures 26.3 and 26.8. 


surround the entire renal tubule gure 26.8a,e) . These eapillaries drain into 
small venules that earry blood to the interlobular veins gure 26.5c). 

The remaining 15 pereent of nephrons are juxtamedullary (juks-ta- 
MED-u-lar-è; juxta, near) nephrons. These nephrons are loeated eloser to the 
medulla, and they have longer nephron loops that extend deep into the renal 
pyramids gure 26.8a,f . Because they are more numerous than juxtamed- 
ullary nephrons, eortieal nephrons perform most of the reabsorptive and seere- 
tory functions of the kidneys. However, the juxtamedullary nephrons ereate the 
eonditions neeessary for producing eoneentrated urine. 

The urine arriving at the renal pelvis is very different from the filtrate pro- 
duced at the renal corpuscle. The passive proeess of filtration allows movement 
aeross a barrier based solely on the size of the solute. A filter with pores large 
enough to permit the passage of large metabolie wastes is unable to prevent the 
passage of water, ions, and other smaller metabolie molecules, such as glucose, 
fatty aeids, or amino aeids. The distal segments of the nephron are therefore 
responsible for: 

■ reabsorbing all the useful metabolie substrates from the filtrate, 

■ reabsorbing more than 80 pereent of the water in the filtrate, and 

■ seereting into the filtrate waste products that were missed by the filtration 
proeess. 
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The flowchart summarizes the pattern of renal circulation. 


We will now examine eaeh of the segments of a juxtamedullary nephron 
in greater detail. 

The Renal Corpusde 

The renal corpuscle averages 150-250 /mm in diameter. It includes the eapil- 
laries of the glomerulus and the glomerular capsule (Bowmarís capsule). The 
glomerulus projeets into the glomemlar capsule in the same way that the heart 
projeets into the perieardial eavity. The outer wall of the capsule is made up of 
a simple squamous epithelium and is ealled the capsular outer layer (pari- 
etal layer). This layer ends at the viseeral layer, which eovers the glomemlar 
eapillaries. The viseeral layer is eomposed of large eells with complex proeesses 
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Figure 26.6 Renal Vessels and Blood Flow 
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The left kidney, ureter, and assoeiated vessels. The vessels 
have been injeeted with latex to make them easier to see. 
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that wrap around the glomemlar eapillaries. These speeialized eells are ealled 
podoeytes (PÓD-ò-sTts; podos, foot, + eyte, eell). The capsular spaee separates 
the parietal and viseeral epithelia (Spotlight Figure 26.9). 

The parietal and viseeral epithelia are eonneeted at the vascular pole of 
the renal corpuscle. At the vascular pole, the glomemlar eapillaries are eon- 
neeted to the afferent and efferent arterioles. Blood arrives at these eapillaries 
through the afferent arteriole and exits in the smaller-diameter efferent arteri- 
ole (Spotlight Figure 26.9). 

Filtration occurs as blood pressure forees fluid and dissolved solutes out of 
the glomemlar eapillaries and into the capsular spaee. The resulting filtrate is 
very similar to plasma with the blood proteins removed. The filtration proeess at 
the renal corpuscle involves five filtration barriers (Spotlight Figure 26.9): 

o The endothelial surface layer: The luminal surface (surface faeing the 
lumen) of the endothelial eells of the glomemlar eapillaries has a thiek, 
earbohydrate-rieh meshwork. This glycocalyx limits filtration of large 
plasma proteins out of the glomemlar eapillaries. 

o The eapillary endothelium: The glomemlar eapillaries are fenestrated eap- 
illaries with pores 60-100 nm (0.06-0.1 jum ) in diameter. to pp. 571-572 
These openings are small enough to prevent the passage of blood eells, but 
they are too large to prevent the diffusion of solutes, even those the size of 
smaller plasma proteins. 

o The basement membrane: The basement membrane surrounding the 
glomemlar eapillary endothelium is several times thieker than a typi- 
eal eapillary basement membrane. This prevents the passage of larger 
plasma proteins, but permits the movement of small plasma proteins, 
amino aeids, glucose, and ions. Unlike basement membranes else- 
where in the cardiovascular system, the basement membrane of the 


glomemlar eapillaries eneireles two or more eapillaries. Mesangial 
eells are loeated between the endothelial eells of adjaeent eapillaries. 
Mesangial eells provide physieal support for the eapillaries and play a 
role in regulating glomemlar blood flow and filtration. They do this by 
engulfing organie materials and regulating the diameters of the glomer- 
ular eapillaries. 

o The glomemlar epithelium: The podoeytes have long cellular proeesses that 
wrap around the outer surfaces of the basement membrane of the glomer- 
ular eapillaries. These delieate seeondary proeesses, or “feet,” are sepa- 
rated by narrow gaps ealled filtration slits. Because the filtration slits are 
very narrow, the filtrate entering the capsular spaee eonsists of water with 
dissolved ions, small molecules, and few if any plasma proteins. 

e The subpodocyte spaee: The subpodocyte spaee occupies approximately 
60 pereent of the filtration spaee of the glomerulus. This narrow spaee 
lies between the seeondary proeesses of the podoeytes and the soma of the 
podoeytes. It assists the filtration slits of the glomemlar epithelmm in the 
filtration proeess. 

In addition to metabolie wastes, the filtrate eontains other organie eom- 
pounds such as glucose, free fatty aeids, amino aeids, and vitamins. The proxi- 
mal convoluted tubule reabsorbs these potentially useful materials. 

The Proximal Convoluted Tubule 

The proximal convoluted tubule (PCT) is the first part of the renal tubule. 
The PCT begins at the tubular pole of the renal corpuscle, opposite the vas- 
cular pole (Spotlight Figure 26.9). The tubule is lined by a simple cuboidal 
epithelium with mierovilli on the apieal surface. These mierovilli inerease the 
surface area for reabsorption gures 26. j and 6.8a r b'.". 
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Figure 26.7 A Typieal Nephron. A diagrammatie view showing the histologieal structure and the 
major functions of eaeh segment of the nephron (violet) and eolleeting system (tan). 


NEPHRON 


eOLLEGTING SYSTEM 




Nucleus 

Mierovilli 


Mitoehondria 


Reabsorption of water, ions, 
and all organie niitrients 




Efferent arteriole 



Afferent arteriole 


RENAL CORPUSCLE 


Capsular outer 

layer 


Capsular spaee 


Viseeral 

layer 


Capillaries of 
glomerulus 


Production of filtrate 



Seeretion of 
ions, aeids, 
drugs, toxins 




Variable reabsorption of water, 
sodium ions, and calcium ions 
(under hormonal eontrol) 



Renal tubule 








Deseending 
limb of 
loop begins 


Aseending 
limb of 
loop ends 


Deseending 

limb 



Aseending 

limb 




NEPHRON LOOP 


Deseending 
thin 
limb 




Thiek 

aseending 

limb 




Further reabsorption of water (deseending limb) and 
both sodium and ehloride ions (aseending limb) 



Connecting tubules 


Collecting duct 


CONNECTING TUBULES 
AND COLLECTING DUCT 





Variable reabsorption 
of water and 
reabsorption or 
seeretion of 
sodium, potassium, 
hydrogen, and 
biearbonate ions 


PAPILLARY DUCT 


Minor 

calyx 



Delivery of 
urine to 
minor calyx 



The primary function of the proximal convoluted tubule is reabsorption. 
Its eells aetively reabsorb organie nutrients, ions, and plasma proteins (if any) 
from the filtrate. In addition, as the tubular fluid passes through the tubule, the 
epithelial eells reabsorb 60 pereent of the sodium ions, ehloride ions, and water. 
The tubule also aetively reabsorbs potassium, calcium, magnesium, biearbon- 
ate, phosphate, and sulfate ions. As these solutes are reabsorbed, osmotie forees 
pull water aeross the wall of the PCT and into the surrounding peritubular 
(interstitial) fluid. 


The Nephron Loop 

The proximal straight tubule ends as the renal tubule enters the medulla. This 
bend marks the start of the nephron loop gure 26.8a,d . The nephron 


loop is divided into a deseending limb and an aseending limb. Fluid in the 
aseending limb flows toward the renal cortex. The deseending and aseending 
limbs of the nephron loop are lined with a simple squamous epithelium and 
are found within the deeper medulla. The aseending limb eontains aetive trans- 
port meehanisms that pump sodium and ehloride ions out of the tubular fluid. 
As a result, the medullary interstitial fluid eontains an unusually high eoneen- 
tration of solutes. The limbs eontain thin and thiek segments. The terms thiek 
and thin refer to the height of the epithelimn, not the diameter of the lumen 
( gures 26. and 26.8a,d). 

Solute eoneentration is usually expressed in terms of milliosmoles 
(mOsm). Near the base of the loop, in the deepest part of the medulla, the 
solute eoneentration of the interstitial fluid is four times that of plasma 
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Figure 26.8 Histology of the Nephron 


Proximal 

convoluted 

tubule 

Renal corpuscle 


Distal convoluted 

tubule 

Connecting tubules 


Nephron 

loop 


Collecting duct 


Papillary duct 


Renal papilla 


Minor calyx 



Proximal 

convoluted 

tubules 


Distal 

convoluted 

tubules 


Viseeral layer 

Capsular outer 

layer 


Capsular spaee 


Distal convoluted 

tubule 


Proximal convoluted 

tubule 


Collecting 

duct 


Thiek aseending 

limbs 



Orientation of eortieal and juxtamedullary nephrons 


Deseending 
thin limbs 


Efferent arteriole 

Vascular pole 
of renal corpuscle 

Afferent arteriole 


e 



Peritubular 

eapillaries 

Glomerulus 


Distal 

convoluted 
tubule (DCT) 


The circulation to 
a eortieal nephron 


Collecting 

duct 

Peritubular 

eapillaries 


Nephron 

loop 



Capillaries 
of vasa reeta 


Proximal 
convoluted 
tubule (PCT) 


Vasa 

reeta 



Renal tubules 


LM X 140 


b 


Proximal and distal convoluted tubules. 



Renal corpuscle 


LM X 140 


e 


The renal corpuscle. 



Nephron loops 


LM X 140 



d 


Nephron loops, eolleeting ducts, and vasa reeta 



The circulation to a juxtamedullary 
nephron. The length of the nephron 
loop is not dravvn to seale. 


ehapter 26 The Llrinary System 


695 


















































































































































FIGIIRE 26.9 

SPOTLIGHT The R ena | Corpuscle 



The renal corpuscle eonsists of the glomerulus and the 
glomemlar capsule {Bowman’s capsule). Red arrovvs 
indieate the pathvvay of blood flow. Adjaeent to the renal 
corpuscle is the juxtaglomerular complex, which is 
involved in the regulation of blood pressure and blood 
flow. 
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(1200 mOsm versus 300 mOsm). The deseending thin and aseending thiek 
limbs are freely permeable to water, but are impermeable to ions and other 
solutes. The high osmotie eoneentration surrounding the nephron loop 
results in an osmotie flow of water out of the nephron. The vasa reeta, a 
group of slender eapillaries, absorb the water and return it to the general 
circulation (Figure 26.8 . 

The net effeet is that the nephron loop reabsorbs an additional 25 pereent 
of the water from the tubular fluid and an even higher pereentage of the 
sodium and ehloride ions. Reabsorption in the PCT and nephron loop reelaims 
all of the organie nutrients, 8 5 pereent of the water, and more than 90 pereent 
of the sodium and ehloride ions. The remaining water, ions, and all the organie 
wastes filtered at the glomerulus remain in the nephron loop and enter the 
distal convoluted tubule. 


The Distal Convoluted Tubule 

The distal convoluted tubule (DCT) aseends out of the medulla of the kid- 
ney and enters the cortex. The distal convoluted tubule passes between the 
afferent and efferent arterioles at the vascular pole (Spotlight Figure 26.9). 

In seetional view Figures 26.7 and 6.8b,c] , the DCT differs from the 
PCT in three ways: (1) the DCT has a smaller diameter; (2) its epithelial eells 
laek mierovilli; and (3) the boundaries between the epithelial eells in the DCT 
are easily seen. These anatomieal eharaeteristies refleet the major functional 
differenees: The PCT is involved in reabsorption, while the DCT is involved in 
seeretion. 

The DCT is an important site for (1) aetive seeretion of ions, aeids, and 
other materials, (2) reabsorption of sodium and ealeimn ions from the tubular 
fluid, and (3) reabsorption of water, which helps eoneentrate the tubular fluid. 
The sodium transport aetivities of the distal tubule are eontrolled by circulating 
levels of aldosterone seereted by the adrenal cortex. 

The Juxtaglomerular Complex The juxtaglomerular complex is a 

structure that helps regulate blood pressure and filtrate formation. Renin and 
erythropoietin elevate blood volume, hemoglobin levels, and blood pressure and 
restore normal rates of filtrate production. It is eomposed of three speeialized 
eells (Spotlight Figure 26.9): 

o Macula densa: The macula densa is a group of tall, elosely paeked epithe- 
lial eells in the distal convoluted tubule epithelium, immediately adjaeent 
to the afferent arteriole, at the vascular pole of the glomerulus. They are 
thought to monitor the Na + eoneentration in the tubular fluid and regu- 
late both the glomemlar filtration rate and the release of renin from the 
juxtaglomerular eells. 

o Juxtaglomerular eells: The juxtaglomerular eells are modified smooth 
muscle eells in the wall of the afferent arteriole that seerete renin. 

o Extraglomerular mesangial eells: Extraglomerular mesangial eells are 
loeated in the triangular spaee between the afferent and efferent glomer- 
ular arterioles. These eells provide feedbaek eontrol between the macula 
densa and the juxtaglomerular eells. 


The Collecting System 

The distal convoluted tubule is the last segment of the nephron. It opens into 
the eolleeting system, which eonsists of eonneeting tubules, eolleeting ducts, 
and papillary ducts : igure 26.8a,d! . Every nephron is eonneeted to a eon- 
neeting tubule, and several eonneeting tubules are eonneeted to a eolleeting 
duct igure 26.88,6,1 . Several eolleeting ducts eonverge and empty into the 
larger papillary duct that empties into a minor calyx in the renal pelvis. The 
epithelium lining the eolleeting system begins as simple cuboidal eells in the 


eonneeting tubules and ehanges to a eolmnnar epithelium in the eolleeting 
and papillary ducts igure 26.7 . 

The eolleeting system transports tubular fluid from the nephron to the 
renal pelvis and makes final adjustments to its osmotie eoneentration and vol- 
ume. Antidiuretic hormone (ADH) eontrols the permeability of the eolleeting 
system. This permeability ehange is signifieant because the eolleeting ducts pass 
through the medulla, where the nephron loop has established very high solute 
eoneentrations in the interstitial fluids. If eolleeting duct permeability is low, 
most of the tubular fluid reaehing the eolleeting duct will flow into the renal 
pelvis and the urine will be dilute. However, if eolleeting duct permeability is 
high, this promotes the osmotie flow of water out of the duct into the medulla. 
This results in a small amount of highly eoneentrated urine. The higher the 
levels of circulating ADH, the greater the amount of water reabsorbed, and the 
more eoneentrated the urine. 



CONCEPT CHECK 

1 If your blood pressure is low, what ehanges will you 
see in the kidneys? 

2 Traee the path of a drop of blood from the renal 
artery to a glomerulus and baek to a renal vein. 

3 Traee the path taken by filtrate in traveling from a 
glomerulus to a minor calyx. 

4 Explain why filtration alone is not sufficient for urine 
production. 

5 What is the function of the nephron loop? 


5ee the blue Ansvvers tab at the baek of the book. 


26.2 Structures for Urine Transport, 

Storage, and Elimination 

► KEY POINT The ureters, urinary bladder, and urethra are responsible for the 
transport, storage, and elimination of urine. 

Filtrate modifieation and urine production end when the fluid enters the minor 
calyx. The remaining parts of the urinary system (the ureters, urinary bladder, 
and urethra) transport, store, and eliminate the urine gure 26.1 Oe). 

A transitional epithelimn lines the minor and major ealyees, renal pel- 
vis, ureters, urinary bladder, and proximal portion of the urethra. This type 
of epithelium tolerates eyeles of distension and relaxation without damage. 

The Ureters 

► KEY POINT The ureters—retroperitoneal musculartubes eonneeting the kidneys 
to the urinary bladder—transport urine from the kidneys to the urinary bladder. 

The ureters are a pair of retroperitoneal muscular tubes extending infer- 
iorly from the kidneys to the urinary bladder ( ures 26.1 and 6.2a, 
pp. 688-689). Eaeh ureter is approximately 30 em (12 in.) long and begins 
as a funnel-shaped continuation of the renal pelvis iures 26.3, 26.4, 
pp. 690, 691, and 6.1 Oe). The ureters pass inferiorly and medially over 
the psoas major. The anatomieal loeations of the ureters differ in men and 
women because of variations in the nature, size, and position of the repro- 
ductive organs gure 26.11a,b . 
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Figure 26.10 Images of the Llrinary System 




A CT sean showing the position of the kidneys in a transverse seetion through the 
trunk as viewed from below. Such seans provide useful information eoneerning 
loealized abnormalities or masses. 
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An arteriogram of the right kidney. Arteriography 
enables visualization of arteries by x-ray imaging after 
injeetion of a radiopaque dye. 



This eolorized x-ray was taken after intravenous injeetion of a radiopaque 
dye that was filtered into the urine. The image is known as a pyelogram, 
and the procedure is often ealled an IVP (intravenous pyelography). 
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CLINICAL NOTE 


Treatment of Renal Failiire 


Every 30 minates, your kidneys filter all the blood in your body, 
removing wastes and excess fluid and balaneing eleetrolytes, 
minerals, and blood pH. The kidneys also produce renin to eontrol 
blood pressure 7 erythropoietin to stimulate red blood eell prodoetion, 
and ealeitriol to eontrol blood calcium. 

One healthy kidney is usually sufficient for living a healthy life. 
End-stage kidney disease occurs when 90 pereent of kidney function 
has been lost. Nearly half a million Amerieans are on dialysis, the 
medieal purification of blood needed when the kidneys are no longer 
fonetioning, and 200,000 have a functioning transplanted kidney. Over 
100,000 are waiting for a transplant, but fewer than 20,000 transplants 
will be performed this year. 

Acute renal failure is the sudden loss of kidney function, fre- 
quently due to multiple trauma, myoeardial infaretion, or other prob- 
lems that reduce blood supply to the kidneys. Acute renal failure is often 
reversible, although temporary dialysis is required during reeovery. 

Chronic renal failure, the gradual loss of kidney function, may 
not beeome apparent until kidney function is signifieantly impaired. 
Diabetes and hypertension are the leading causes of ehronie renal 
failure. Other causes include genetie diseases, infeetions, kidney stones, 
autoimmune diseases, and eertain drugs, legal and illegal, including 
some antibioties. 

The first step in eontrolling kidney failure is a diet that strietly 
imits intake of fIuids, protein, and minerals, including sodium (found 
not only in table salt, but also in proeessed meats and eanned soups), 
potassium (found in many fruits, vegetables, meats, and milk), 
and phosphorus (found in dairy products, many vegetables, and 
earbonated beverages). 



Dialysis is a treatment that performs some functions normally 
provided by a healthy kidney. It is required for survival onee 90 pereent 
of normal kidney function has been lost. Dialysis ean remove wastes, 
salt, and extra water and ean balanee eleetrolytes, minerals, and blood 
pH. It eannot, however, produce renin, erythropoietin, or ealeitriol. 

Dialysis is performed in a dialysis eenter, usually three times per 
week, and takes a few hours. Venous aeeess is required, usually through 
a surgically ereated shunt in the forearm. The shunt is eonneeted to the 
dialysis maehine, which eleanses the blood. 

Peritoneal dialysis uses the peritoneal eavity as a dialysis mem- 
brane. A permanent intraperitoneal eatheter is surgically plaeed to 
allow inflow and outflow of the dialysate (the fluid that wi11 piek up 
extra fluid and wastes and balanee eleetrolytes and minerals). Continu- 
ous ambulatory peritoneal dialysis is performed without maehines by the 
patient, four or five times a day. A bag of dialysate, eontaining about 
2 quarts, is infused into the peritoneal eavity through the eatheter. Four 
or five hours later the fluid is drained baek into a bag and disearded, 
and a new bag of fluid is infused. Automated peritoneal dialysis uses an 
exchange maehine that eyeles dialysate overnight during sleep. 

The best way to treat renal failure is a kidney transplant, from 
either a living donor or a deeeased donor within 48 hours after death. 
The reeipient's nonfunctioning kidney(s) may be removed, espeeially if 
an infeetion is present. The transplanted kidney and ureter are usually 
plaeed extraperitoneally in the pelvie eavity (within the iliae fossa). 

The ureter is eonneeted to the reeipient's urinary bladder. The patient 
survival rate at 2 years after the transplant is greater than 90 pereent, 
which is much better than the survival rate for those who are treated 
with dialysis. 



The ureters penetrate the posterior wall of the urinary bladder. They pass 
through the bladder wall at an oblique angle, and the ureteral orifiees are 
slit-like rather than rounded "igure 26.11c). This shape prevents backflow 
of urine into the ureter and toward the kidneys when the urinary bladder 
eontraets. 

Hístology of the Ureters 

The wall of eaeh ureter eonsists of three layers: (1) an inner mucosa lined 
by a transitional epithelium, (2) a middle muscular layer made up of inner 
longitudinal and outer circular layers of smooth muscle, and (3) an outer 
adventitia that is continuous with the fibrous capsule of the kidney and the 
parietal peritoneum of the abdominal wall ígure 26.12a' . Approximately 
every 30 seeonds, peristaltie eontraetions of the muscular wall are triggered 
by stimulation of streteh reeeptors in the ureteral wall. These peristaltie 
eontraetions travel from the renal pelvis to the bladder and “milk” urine 
through the ureter. 

The llrinary Bladder 

► KEY POINT The urinary bladder stores urine temporarily. As the bladder fills, 
it moves superiorly into the peritoneal eavity and beeomes intraperitoneal. 


The urinary bladder is a hollow, muscular organ that serves as temporary stor- 
age for urine. In males, the base of the urinary bladder lies between the rectum 
and the pubic symphysis; in females, the base of the urinary bladder sits infe- 
rior to the uterus and anterior to the vagina. The dimensions of the urinary 
bladder vary, depending on the state of distension, but a full urinary bladder 
ean eontain about a liter of urine. 

The peritoneum eovers the superior surfaces of an empty urinary blad- 
der. As the bladder fills, it displaees the parietal peritoneum from the anter- 
ior wall of the abdomen and beeomes intraperitoneal. Several peritoneal 
folds stabilize the bladder’s position. The median umbilical ligament 
extends from the anterior and superior border of the bladder toward the 
umbilicus. The lateral umbilical ligaments pass along the sides of the 
bladder and also reaeh the umbilicus. These fibrous eords are what is left of 
the two umbilical arteries that supplied blood to the plaeenta during embry- 
onie and fetal development gure 26.11b,c]. A series of tough eonnee- 
tive tissue bands anehor the posterior, inferior, and anterior surfaces of the 
urinary bladder to the pelvie bones. 

In seetional view, the mucosa lining the urinary bladder usually has folds, 
ealled rugae, that disappear as the bladder stretehes and fills gure 26.1 le’ . 
The triangular area extending from the openings of the ureters and the entranee 
to the urethra constitutes the trigone (TRl-gòn) of the urinary bladder. 
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Figure 26.11 Organs Responsible for the Conduction and Storage of Llrine 
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Figure 26.12 Histology of the Collecting and Transport Organs 
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Transverse seetion of the ureter. Note the thiek layer 
of smooth muscle surrounding the lumen. 
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A transverse seetion through the female urethra. 



The wall of the urinary bladder. 


The mucosa here is smooth and very thiek. The trigone aets as a funnel ehan- 
neling urine into the urethra when the urinary bladder eontraets. 

The urethral entranee lies at the most inferior point in the bladder. The region 
surrounding the urethral opening, known as the neek of the urinary bladder, 
eontains a muscular internal urethral sphineter igure 26.11b,ci. 
The smooth muscle of the internal urethral sphineter provides involuntary eon- 
trol over the diseharge of urine from the bladder. The urinary bladder is inner- 
vated by postganglionie fibers from ganglia in the hypogastrie plexus and by 
parasympathetie fibers from intramural ganglia that are eontrolled by branehes 
of the pelvie nerves. 

Histology of the Urinary Bladder 

The mucosa of the bladder, which eontains prominent rugae (folds), is a 
transitional epithelium. Deep to the mucosa lies the eonneetive tissue of 
the submucosa. The outer muscular layer eonsists of three layers: inner and 
outer longitudinal layers of smooth muscle, with a layer of circular smooth 


muscle sandwiched between gure 26.12b]. Together, these layers form the 
powerful detrusor (dè-TRU-sor) of the urinary bladder. When the detmsor 
eontraets, it eompresses the urinary bladder and expels urine into the urethra. 
An adventitia forms the outer most layer of the urinary bladder. 

The llrethra 

► KEY POINT The urethra extends from the urinary bladder to the exterior. 
The male urethra is subdivided into three segments, while the female urethra is 
shorter and has only one segment. 

The urethra extends from the neek of the urinary bladder to the exterior 
gure 26.11c). The female and male urethrae differ in length and in func- 
tion. In the female, the urethra is very short, extending 3-5 em (1-2 in.) 
from the bladder to the vestibule (Figure 26.11b). The external urethral 
opening, or external urethral orifiee, is situated near the anterior wall of 
the vagina. 
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CLINICAL NOTE 


Trans t onal Cell Carcinoma 


Transitional eell eareinoma, the most eommon type of bladder 
eaneer, begins in the innermost layer of transitional epithe- 
ium. Smoking is the most important risk faetor for bladder eaneer. 
Although toxins in eigarette smoke are filtered by the lungs and 
kidneys, the urine 7 which is stored in the bladder, may still eontain 
some toxins. The hallmark of bladder eaneer is hematuria # or 
bloody urine. eystoseopy, inserting a thin # lighted endoseope 
made espeeially for bladders through the urethra into the bladder, 
is both a diagnostie and therapeutic tool. 


In the male, the urethra extends from the neek of the urinary bladder to 
the tip of the penis, a distanee that may be 18-20 em (7-8 in.). The male ure- 
thra is subdivided into three portions: (1) the prostatie urethra, (2) the mem- 
branous urethra, and (3) the spongy urethra gure 26.11a,c,d] . 

The prostatie urethra passes through the eenter of the prostate 
(Figure 26.11c). The membranous urethra (also termed the intermediate 
part ofmethra) is the short segment that penetrates the muscular floor of the 
pelvie eavity. The spongy urethra, or penile (PÉ-nll) methra, extends from the 
membranous urethra to the external urethral orifiee at the tip of the penis 
(Figure 26.11a). 

Both sexes have a skeletal muscular band, ealled the external 
urethral sphineter, that aets as a valve gure 26.11a-c] . Branehes of 
the hypogastrie plexus eontrol the eontraetions of both the external and 
internal urethral sphineters. Only the external urethral sphineter is under 
voluntary eontrol, through the perineal braneh of the pudendal nerve. 
The sphineter has a resting muscle tone and must be voluntarily relaxed 
to permit urination. The autonomic innervation of the external sphine- 
ter beeomes important only if voluntary eontrol is laeking, as in infants 
or in adults after spinal eord injuries. (See the seetion below on urinary 
reflexes.) 

Histology of the Urethra 

In females, the urethral lining is a transitional epithelium near the neek of 
the urinary bladder. A stratified squamous epithelium lines the rest of the 
urethra (Figure 26.12c). The lamina propria eontains an extensive net- 
work of veins, and eoneentrie layers of smooth muscle surround the entire 
complex. 

The histologieal organization of the male urethra varies along its length. As 
you proeeed distally from the neek of the urinary bladder to the external urethral 
orifiee, the epithelium ehanges. It starts as a transitional epithelium near the 
bladder, and then ehanges to pseudostratified columnar or stratified columnar, 
and then to stratified squamous near the external urethral orifiee. The lamina 
propria is thiek and elastie, and the mucosa is folded into longitudinal ereases. 
Mucus-secreting eells are found in the epithelium, and in males the epithelial 
mucous glands form tubules extending into the lamina propria. The eonneetive 
tissue of the lamina propria anehors the urethra to surrounding structures. 




I Urinary Reflexes: Urine Storage and Urine 
Voiding 

► KEY POINT The urine voiding reflex eoordinates the proeess of urination. 


about 200 mL of urine. Whether or not we urinate depends on an interplay 
between spinal reflexes and higher eenters in the brain that provide eon- 
scious eontrol over urination. Two spinal reflexes eontrol urination (mictu- 
rition): the urine storage reflex and the urine voiding reflex. These must be 
eonsidered together, because urine storage and release involve simultaneous, 
eoordinated aetivities. 

Urine Storage Reflex 

Urine storage occurs by spinal reflexes and the pontine storage eenter. 
When urine is being stored, low-frequency afferent impulses from streteh 
reeeptors in the urinary bladder aet to (1) inerease sympathetie aetiv- 
ity (inhibit detrusor eontraetion and stimulate internal urethral sphine- 
ter eontraetion) and (2) stimulate eontraetion of the external urethral 
sphineter. In addition, the pontine storage eenter stimulates somatie motor 
neurons innervating the external urethral sphineter, causing eontrae- 
tion. These spinal reflexes and pontine responses promote urine storage 
(eontinenee). 

Urine Voiding Reflex 

Urine voiding occurs by spinal reflexes and the pontine micturition een- 
ter. The voiding reflex begins when high-frequency afferent impulses from 
streteh reeeptors in the urinary bladder stimulate interneurons that relay 
sensations to the pontine micturition eenter. This eenter initiates saeral spi- 
nal reflexes that (1) stimulate inereased parasympathetie aetivity (detmsor 
eontraets and internal urethral sphineter relaxes), (2) deerease sympathetie 
aetivity (internal urethral sphineter relaxes), and (3) deerease somatie motor 
nerve aetivity (external urethral sphineter relaxes). The pontine micturition 
eenter promotes urination through three spinal spinal reflexes to cause void- 
ing (urination). 

At the end of a typieal urination, less than 10 mL of urine remains in the 
urinary bladder. 



CONCEPT CHECK 

6 An obstruction of a ureter by a kidney stone would 
interfere with the flow of urine between what two 
points? 

7 Explain how the lining of the urinary bladder allows 
the bladder to beeome distended. 

8 How is the urinary bladder held in plaee? 


See the blue Ansvvers tab at the baek of the book. 


26.3 Aging and the Urinary System 

► KEY POINT Aging often results in one or more of four typieal ehanges in the 
urinary system. 

Aging is usually assoeiated with an inereased number of kidney problems. 

Age-related ehanges in the urinary system include the following: 

o A deeline in the number of functional nephrons. Between ages 25 and 85, 
the total number of kidney nephrons drops by 30-40 pereent. 

o A reduction in glomemlar filtration. This reduction results from deereased 
numbers of glomemli, cumulative damage to the filtration apparatus in 
the remaining glomemli, and reductions in renal blood flow. 


Urine reaehes the urinary bladder by peristaltie eontraetions of the ureters. 
The urge to urinate generally appears when your urinary bladder eontains 


o Reduced sensitivity to ADH. With age, the distal portions of the nephron 
and the entire eolleeting system beeome less responsive to ADH. With less 
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CLINICAL NOTE 


llrinar Traet Infeetions 


(Jrinary traet infeetions, or UTIs # result from baeteria, fongi, or 
virnses eolonizing the urinary traet; the intestinal bacterium Eseheriehia 
eoli is most often involved. Women are particularly susceptible to urinary 
traet infeetions because of the elose proximity of the external urethral 
orifiee to the anus. Sexual intercourse may also push baeteria into the ure- 
thra (sinee the female urethra is relatively short) tovvard the urinary bladder. 

Symptomatie UTIs cause painful urination # knovvn as dysuria. Other 
signs and symptoms include fever, foul- or strong-smelling urine 7 cloudy 
or bloody urine # frequent urination # or a persistent urge to urinate. In 
elderly people, the first symptom of a UTI is often confusion. 

Urinary traet infeetions ean be deteeted by the presenee of baeteria 
and blood eells in the urine. If the urethral vvall beeomes inflamed, the 



eondition is ealled urethritis; inflammation of the lining of the urinary 
bladder is eystitis. Many infeetions affeet both regions to some degree. 
Urinary traet infeetions usually respond to antibiotie therapies. A 
mainstay of therapy is to keep the urine dilute (drink plenty of fluids) 
and the bladder empty (urinate often). 

In untreated cases # baeteria may migrate along the ureters to the 
renal pelvis. The resulting inflammation of the renal pelvis produces 
pyelitis (pT-e-LÍ-tis). If the baeteria invade the renal cortex and medulla 
as well # pyelonephritis (pT-e-ló-ne-FRÍ-tis) results. Signs and symptoms 
of pyelonephritis include high fever # intense pain on the affeeted side # 
vomiting, diarrhea # and blood eells and pus in urine. 



reabsorption of water and sodium ions, urination beeomes more frequent, 
and daily fluid requirements inerease. 

o Problems with urinary reflexes. Three faetors are involved in age-related 
urination problems: (a) The external sphineter loses muscle tone and 
beeomes less effeetive at voluntarily retaining urine. This leads to ineon- 
tinenee, often involving a slow leakage of urine. (b) The ability to eon- 
trol urination ean be lost due to a stroke, Alzheimer’s disease, or other 
CNS problems affeeting the eerebral cortex or hypothalamus. (e) In males, 
urinary retention may develop if the prostate enlarges and eompresses the 
urethra, restrieting the flow of urine. 



CONCEPT CHECK 

9 Your 92-year-old grandfather is frustrated because 
he has to go to the bathroom more frequently novv 
than he did vvhen he vvas younger. Hovv would you 
explain this to him? 


See the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y S U M M ARY 

For an introduction to the development of the urinary system, see Chapter 28 
(Embryology and Human Development). 


Study Outline 


lntroduction p. 688 

■ The functions of the urinary system include (1) regulating plasma 
eoneentrations of ions # (2) regulating blood volume and pressure 
by adjusting the volume of water lost and releasing erythropoietin 
and renin # (3) helping stabilize blood pH # (4) eonserving nutrients # 
(5) eliminating organie wastes # and (6) synthesizing ealeitriol. 

■ The urinary system includes the kidneys, ureters # urinary 
bladder, and urethra. The kidneys produce urine (a fluid 
eontaining water # ions # and soluble compounds); during urination 
(micturition) urine is foreed out of the body. (See Figure 26.1.) 

26.1 The Kidneys p. 688 

■ The kidneys are loeated on either side of the vertebral column 
between the last thoraeie and third lumbar vertebrae. (See Figures 
26.1-26.3.) 

■ The position of the kidneys in the abdominal eavity is maintained 
by (1) the overlying peritoneum # (2) eontaet with adjaeent viseeral 
organs # and (3) supporting eonneetive tissues. The three eoneentrie 
layers of eonneetive tissue are the fibrous capsule, which eovers 
the outer surface of the organ; the perinephrie fat # which 
surrounds the fibrous capsule; and the renal faseia, which anehors 
the kidney to surrounding structures. (See Figures 12.13 and 26.4.) 


Siiperfidal Anatomy of the Kidney p. 688 

■ The ureter and renal blood vessels are attaehed to the hilum of 
the kidney. The inner layer of the fibrous capsule lines the renal 
sinus. (See Figures 26.3 and 26.4.) 


Seetional Anatomy of the Kidney p. 689 

■ The kidney is divided into an outer renal cortex, a eentral renal 
medulla # and an inner renal sinus. The medulla eontains 6-18 
renal pyramids, whose tips # or renal papillae, projeet into the 
renal sinus. Renal columns eomposed of cortex separate adjaeent 
pyramids. A kidney lobe eontains a renal pyramid # the overlying 
area of renal cortex # and adjaeent tissues of the renal columns. (See 
Figure 26.4a.) 

■ The minor ealyees are continuous with the major ealyees. These 
spaees lead into the renal pelvis, which is continuous with the 
ureter. (See Figure 26.4a-c.) 

The Blood Stipply to the Kidneys p. 689 

■ The vasculature of the kidneys includes the renal, segmental, 
interlobar, arcuate, and eortieal radiate arteries to the 
afferent arterioles that supply the nephrons. From the nephrons # 
blood flows into the eortieal radiate, arcuate, interlobar, and 
renal veins. (See Figures 26.5, 26.6b, and 26.1 Ob.) 
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Innervation of the Kidneys p. 690 

■ The kidneys and ureters are innervated by renal nerves. Sympathetie 
aetivation regulates glomerular blood flow and pressure f stimulates 
renin release, and aeeelerates sodium ion and water reabsorption. 

Histology of the Kidney p. 690 

■ The nephron (the basie functional unit in the kidney) eonsists 
of a renal corpuscle and a renal tubule that empties into the 

eolleeting system. From the renal corpuscle, the tubular fluid 
travels through the proximal convoluted tubule, the nephron 
loop (loop of Henle), and the distal convoluted tubule. It 
then flows through the eonneeting tubule, eolleeting duct f and 
papillary duct to reaeh the renal minor calyx. fSee Figure 26.7.) 

m Roughly 85 pereent of the nephrons are eortieal nephrons found 
within the cortex. The nephron loops are short f and the efferent 
arteriole provides blood to the peritubular eapillaries that 
surround the renal tubules. The juxtamedullary nephrons are 
eloser to the medulla f with their nephron loops extending deep 
into the renal pyramids. fSee Figures 26.5b,c and 26.8a,e,f.) 

m Nephrons are responsible for (1) producing filtrate, (2) reabsorbing 
organie nutrients f and (3) reabsorbing water and ions. The capsular 
outer layer lines the outer wall of the renal corpuscle. Blood 
arrives via the relatively large afferent arteriole and departs in the 
relatively small efferent arteriole. (See Spotlight Figure 26.9.) 

The renal corpuscle eontains the eapillary knot of the glomerulus 
and glomerular capsule. At the glomerulus f podoeytes of the 
viseeral epithelium wrap their "feet" around the eapillaries. The 
seeondary proeesses of the podoeytes are separated by narrow 
filtration slits. The capsular spaee separates the capsular 
outer layer and viseeral layer. The glomerular eapillaries are 
fenestrated eapillaries. The dense layer of the basement membrane 
is unusually thiek. Blood arrives at the vascular pole of the renal 
corpuscle via the afferent arteriole and departs in the efferent 
arteriole. From the efferent arteriole f blood enters the peritubular 
eapillaries and the vasa reeta that follow the nephron loops in the 
medulla. (See Spotlight Figure 26.9.) 

m The proximal convoluted tubule (PCT) aetively reabsorbs 
nutrients f ions f plasma proteins f and eleetrolytes from the tubular 
fluid. The nephron loop includes a deseending limb and an 
aseending limb. The aseending limb delivers fluid to the distal 
convoluted tubule (DCT) f which aetively seeretes ions f toxins f 
and drugs and reabsorbs sodium ions from the tubular fluid. fSee 
Figures 26.7 and 26.8 and Spotlight Figure 26.9.) 

m The juxtaglomerular complex is eomposed of the macula 
densa, juxtaglomerular eells, and the extraglomerular 
mesangial eells. The juxtaglomerular complex seeretes the 
hormones renin and erythropoietin. fSee Spotlight Figure 26.9.) 

m The distal convoluted tubule opens into the eolleeting system. 

The eolleeting system eonsists of eonneeting tubules f eolleeting 
ducts f and papillary ducts. In addition to transporting fluid from the 
nephron to the renal pelvis f the eolleeting system adjusts the osmotie 
eoneentrations and volume. (5ee Figures 26.7 and 26.8a,d-f.) 


26.2 Stmetiires for Urine Transport, Storage, 

and Elimination p. 697 

■ Tubular fluid modifieation and urine production end when the 
fluid enters the minor calyx in the renal sinus. The rest of the 
urinary system (the ureters f urinary bladder f and urethra) is 
responsible for transporting f storing f and eliminating the urine. 
(See Figure 26.1 Oe.) 

The Ureters p. 697 

■ The ureters extend from the renal pelvis to the urinary bladder and 
are responsible for transporting urine to the bladder. The wall of 
eaeh ureter eonsists of an inner mucosal layer f a middle muscular 
layer f and an outer eonneetive tissue layer. fSee Figures 26.1-26.4, 
26.1 Oe, and 26.11.) 

The Urinary Bladder p. 699 

■ The iirinary bladder is a hollow f muscular organ that stores urine. 
The bladder is stabilized by the median umbilical ligament 

and the lateral umbilical ligaments. Internal features include 
the trigone, the neek, and the internal urethral sphineter. The 
mucosal lining eontains prominent rugae (folds). Contraction of 
the detrusor eompresses the urinary bladder and expels the urine 
into the urethra. (See Figures 26.11 and 26.12.) 

The Urethra p. 701 

■ The urethra extends from the neek of the urinary bladder to 
the exterior. In the female f the urethra is short and ends in the 
external urethral orifiee (external urethral opening) f and in 
the male f the urethra has prostatie, membranous, and spongy 
(penile) seetions; the spongy urethra ends at the external urethral 
orifiee. In both sexes f a circular band of skeletal muscles forms the 
external urethral sphineter, which is under voluntary eontrol. 

■ The female urethral lining is usually a transitional epithelium 
near the urinary bladder; the rest is usually a stratified squamous 
epithelium. The urethral lining of males varies from a transitional 
epithelium at the urinary bladder f to a stratified columnar or a 
pseudostratified epithelium f and then to stratified squamous 
epithelium near the external urethral orifiee. (See Figures 26.11 
and 26.12.) 

lirinary Reflexes Urine Storage and Urine Voiding p. 702 

■ llrination is eoordinated by the urine storage reflex and the 

urine voiding reflex, which are initiated by streteh reeeptors 
in the wall of the urinary bladder. Voluntary urination involves 
coupling these reflexes with the voluntary relaxation of the 
external urethral sphincter f which allows the relaxation of the 
internal urethral sphineter. 

26.3 Aging and the Urinary System p. 702 

■ Kidney problems usually inerease with age. Age-related ehanges 
in the urinary system include (1) deelining number of functional 
nephrons f (2) reduced glomerular filtration, (3) reduced sensitivity 
to ADH f and (4) problems with urinary reflexes (urinary retention 
may develop in men whose prostates are enlarged). 
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ehapter Revievv 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. urination. 

2. detrusor.. == 

3. macula densa. _ 

4. medulla. _ 

5. hilum. _ 

6. nephron. _ 

7. cortex. _ 

8. vasa reeta. _ 

9. fibrous capsule. _ 

10. renal faseia. . 

(a) muscle of the urinary bladder 

(b) basie functional unit of a kidney 

(e) micturition 

(d) fibrous tunic of the kidney 

(e) outer region of kidney 

(f) eonsists of 6-18 renal pyramids 

(g) dense outer layer of the kidney 

(h) series of eapillaries 

(i) region of the juxtaglomerular complex 

(j) site of entry/exit for the renal artery 
and vein 


11. Label the following structures on the 
diagram below. 



(a) 

(b) 

(e) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(k) 

(l) 

(m) 


12. Eaeh kidney is proteeted/stabilized by the 

(a) fibrous capsule only. 

(b) perinephrie fat and fibrous capsule only. 
(e) perinephrie fat only. 

(d) fibrous capsule, perinephrie fat, and 
renal faseia. 

13. The urinary system does all of the following 
except 

(a) seerete excess glucose molecules. 

(b) regulate blood volume. 

(e) contribute to stabilizing blood pH. 

(d) eliminate organie wastes. 

14. The renal sinus is 

(a) the innermost layer of kidney tissue. 

(b) a eonieal structure loeated in the renal 
medulla. 

(e) an internal eavity lined by the fibrous 
capsule and loeated inside the hilum. 

(d) a large braneh of the renal pelvis. 

15. Which vessels form the plexus that supplies 
the proximal and distal convoluted tubules? 

(a) segmental arteries 

(b) peritubular eapillaries 

(e) eortieal radiate arteries 

(d) arcuate arteries 

16. The proeess of filtration occurs at the 

(a) proximal convoluted tubule. 

(b) renal corpuscle. 

(e) eolleeting duct. 

(d) nephron loop. 

17. The ability to form eoneentrated urine 
depends on the functions of the 

(a) proximal convoluted tubule. 

(b) distal convoluted tubule. 

(e) glomerular eapillaries. 

(d) nephron loop. 

18. The ureters and urinary bladder are lined by 
_epithelium. 

(a) stratified squamous 

(b) pseudostratified columnar 

(e) simple cuboidal 

(d) transitional 

19. Eaeh of the following is a normal 
eomponent of urine except 

(a) hydrogen ions. 

(b) urea. 

(e) large proteins. 

(d) salts. 

20. A ligament that extends from the anterior 
and superior border of the bladder to the 
umbilicus is the 

(a) round ligament. 

(b) square ligament. 

(e) median umbilical ligament. 

(d) lateral umbilical ligament. 


21. The portion of the nephron that attaehes to 
the eolleeting duct is the 

(a) nephron loop. 

(b) proximal convoluted tubule. 

(e) distal convoluted tubule. 

(d) glomerular eapillaries. 

Level 2 Revievving Concepts 

1. What is the signifieanee of the slit-like, 
rather than rounded f openings of the 
entranee of the ureters into the bladder? 

(a) They ean distort more easily to permit 
urine to move in or out. 

(b) The shape prevents urine backflow 
toward the ureters when the urinary 
bladder eontraets. 

(e) The opening is eompressed between the 
middle and lateral umbilical ligaments 
because these structures support this 
part of the ureter. 

(d) There is no signifieanee; the shape occurs 
because of the position only. 

2. Problems with the urination reflex in older 
individuals include 

(a) inereased tone in the sphineter muscles # 
preventing easy emptying of the urinary 
bladder. 

(b) urinary retention in males because of 
prostate enlargement. 

(e) inereased sensitivity to ADH. 

(d) inereased retention of sodium ions. 

3. How wi11 kidney function be altered in a 
person who has more than one renal artery 
and vein per side f with the same overall 
volume of possible lumen spaee entering the 
kidney at the hilum? 

(a) These kidneys wi11 be able to handle 
blood at higher pressures in this 
individual than in others. 

(b) As long as the arteries and veins in the 
individual are normal, kidney function 
wi11 be normal. 

(e) Greater blood flow wi11 occur through 
these kidneys. 

(d) These kidneys wi11 be more flexible in the 
amounts of urine they ean produce at 
any given time. 

4. Where is the glomerulus loeated in a 
nephron? 

5. What is unique about the glomerular 
epithelium? 

6. What does the juxtaglomerular complex 
seerete? 

7. What is the trigone of the urinary bladder? 
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8. Which urethral sphineter is under voluntary 
eontrol? 

9. What is the primary function of the 
proximal convoluted tubule? 

10. Identify the purpose of rugae in the urinary 
bladder. 

Level 3 Critical Thinking 

1. Although neural eontrol of the external 
urethral sphineter does not eompletely 
develop until 2 to 3 years of age, the 
internal urethral sphineter is functional at 
birth. Why is premature toilet training often 
a fruitless and frustrating experience for 
both parents and ehild? 


2. Jennifer was a ehampion marathon runner 
until renal failure foreed her to retire from 
running. During her last two marathons, 
lab tests eonfirmed she experienced acute 
kidney dysfunction. How does long-distanee 
running cause this eondition? 

3. Why does a pregnant woman need to 
urinate more frequently than she does 
when she is not pregnant? 




CLIN ICAL CASE I WRAP-UP 


This Too ShalS Pass 

Jaek is suffering from a kidney stone. A kidney stone is a small, hard # 
sharp-edged deposit made of minerals, usually calcium and phosphate, 
that are normally dissolved in urine. Because it has been hot, Jaek has 
lost fluid through sweating. Sinee he is hesitant to drink lots of water 
during a tournament, his urine has beeome so eoneentrated that 
minerals have erystallized and stuck together, forming a stone in his 
renal pelvis. As the stone moves into the ureter # it obstructs the flow 
of urine and stretehes the eolleeting system behind it # causing flank 
pain. The abraded epithelial lining of the ureter is bleeding, causing 
hematuria. The muscular ureter continues to eontraet in peristaltie 
waves # trying to push the stone along # and causing more pain. As the 
stone moves # little by little # through the ureter where it passes over 
the psoas major muscles # Jaek's pain radiates. 

As Jaek is waiting in the radiology department # he feels yet another 
wave of pain that radiates all the way down to his left testiele. Again 
feeling an urge to urinate # he uses a urinal and feels the pain radiate 
down to the tip of his urethra. He passes the tiny stone into the urinal. 

"Well # congratulations # Jack # " says his doetor. "You have saved 
yourself an x-ray study and possibly surgery. Now # the best thing you 
ean do for yourself from now on is to drink # drink # drink!" 



1. What would happen if Jaek's kidney stone permanently bloeked his 
ureter eompletely? 

2. Why did Jaek's doetor tell him to "drink # drink # drink"? 

See the blue Ansvvers tab at the baek of the book. 



r _ _ ^ 

Related eiinieal Terms 

L_ J 


azotemia: The eondition eharaeterized by 
excessive urea or other nitrogen-eontaining 
compounds in the blood. 

bacteriuria: Abnormal presenee of baeteria in 
the urine. 

eystoeele: Condition that occurs when the 
supportive tissue between a woman's bladder 
and vaginal wall weakens # stretches # and 
allows the bladder to bulge into the vagina. 

enuresis: lnvoluntary urination # espeeially that 
of a ehild while asleep. 


hydroureter: Dilation of a ureter caused by 
obstruction of urine flow. 

nephroptosis: Condition in which the kidney 
is displaeed downward from its usual and 
normal position; also ealled a floating 
kidney. 

nephrotie syndrome: A kidney disorder that 
causes excessive protein to be excreted in 
the urine. 

nephrotoxin: A toxin that has a speeifie 
harmful effeet on the kidney. 


polyeystie kidney disease: An inherited 
abnormality that affeets the development 
and structure of kidney tubules. 

shock-wave lithotripsy: A noninvasive 
technique used to pulverize kidney stones 
by passing high-pressure shoek waves 
through a water-filled tub in which the 
patient sits. 

urologist: Physieian who speeializes in 
functions and disorders of the urinary 
system. 
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Learning Outcomes 


These Learning Outcomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 



Compare and eontrastthe general organization 
of the male and female reproductive systems. 
p. 708 

Identify and deseribe the loeation, gross 
anatomy, and histology of the major structures 
of the male reproductive system. p. 708 

Identify and deseribe the loeation, gross 
anatomy, and histology of the major structures 
of the female reproductive system. p. 719 

Compare and eontrast the age-related ehanges 


in the male and female reproductive systems. 








CLl N IC AL CAS E 



A Serious Game of Twister 


Liam, a high sehool senior, is finishing his last football game as team 
quarterback. In the final quarter, as he gets up from a taekle, he feels a 
twinge of pain in the right side of his scrotum. On his way baek to the loeker 
room, he can 7 t stand up straight. In the shower, he examines his scrotum but 
doesn't see any bruising or swelling. However, his right testis is higher than 
his left # and it's so tender he ean barely get dressed. He is walking hunched 
over and feels nauseated. 

The eoaeh notiees Liam's proteetive, slow gait and sees him stop to vomit 
in the trashean. y/ What's going on 7 Liam? You played a great game tonight. 

Oh, sorry, Coach. I am just a little siek to my stomaeh/' replies Liam. "And this 
is embarrassing, but my right testiele is killing me. I don't remember getting hit 
there # but it is so painful I ean't touch it. 

Liam # you are going straight to the emergeney room. Call 




















SIMPLY PUT, THE HUMAN SPECIES has survived because of the reproductive 
system. The human reproductive system produces, stores, nourishes, and trans- 
ports functional male and female reproductive eells ealled gametes (GAM-éts). 
The eombination of the genetie material provided by a sperm from the father 
and an ooeyte (Ò-ò-sTt) from the mother occurs shortly after fertilization, or eon- 
eeption. Fertilization produces a zygote (Zl-gòt), a single eell whose growth, 
development, and repeated divisions will, in approximately 9 months, produce 
an infant who will grow and mature as part of the next generation. The repro- 
ductive system also produces sex hormones that affeet the structure and func- 
tion of all other systems. 

This ehapter deseribes the structures and meehanisms involved in the 
production and maintenanee of gametes and, in the female, the development 
and support of the embryo and fetus. Chapter 28, the last ehapter in the text, 
continues the story, beginning at fertilization and discussing the proeess of 
development. 


The major structures of the male reproductive system are shown in igure 27.1 . 
Sperm leave the testes and travel along a duct system that includes the epidid- 
ymis (ep-i-DID-i-mus), ductus deferens (DUK-tus DEF-e-renz) (vas deferens), 
ejaculatory (é-JAK-u-la-tòr-é) duct, and urethra before leaving the body. Aeees- 
sory organs, notably the seminal (SEM-i-nal) glands, prostate (PROS-tàt), 
and bulbo-urethral (bul-bò-u-RÉ-thral) glands, seerete into the ejaculatory 
ducts and urethra. The external genitalia include the scrotum (SKRÓ-tum), 
which eneloses the testes, and the penis (PÉ-nis), an ereetile organ through 
which the distal portion of the urethra passes. 

The Testes 

► KEY POINT The testes produce the male gametes. The testes develop vvithin 
the abdomen of the fetus and deseend, during development, to be housed vvithin 
the scrotum outside the abdominopelvie eavity. 


27.1 Organization of the Reproductive 

System 

► KEY POINT The reproductive system includes the gonads, reproductive traet, 

aeeessory glands and organs, and external genitalia. 

The reproductive system includes the following: 

■ Gonads (GÓ-nadz), reproductive organs that produce gametes and hormones 

■ A reproductive traet eonsisting of ducts that reeeive, store, and transport 
the gametes 

■ Aeeessory glands and organs that seerete fluids into the ducts of the repro- 
ductive system or into other excretory ducts 

■ External genitalia (jen-i-TÀ-lé-a), perineal structures assoeiated with the 
reproductive system 

In adult males, the gonads are the testes (TES-tèz; singular, testis). The 
testes seerete sex hormones ealled androgens (prineipally testosterone) and 
produce half a billion sperm per day. After storage, mature sperm travel along 
a system of ducts where they are mixed with the seeretions of several aeeessory 
glands. This forms a mixture known as semen (SÉ-men). During ejaculation 
(é-jak-u-LÀ-shun), semen is expelled from the body. 

In adult females, the gonads are the ovaries. The ovaries typieally produce 
only one immature gamete, or ooeyte, per month. The ooeyte travels within 
the uterine tubes that open into the muscular uterus (U-ter-us). A short pas- 
sageway, the vagina (va-JÍ-na), eonneets the uterus with the exterior. During 
sexual intercourse, male ejaculation introduces semen into the vagina, and the 
sperm then aseend the female reproductive traet, where they may encounter an 
ooeyte and begin the proeess of fertilization. 



CONCEPT CHECK 

1 What do the gonads produce? 

See the blue Ansvvers tab at the baek of the book. 




Anatomy of the Male Reproductive 
System 



► KEY POINT The male reproductive system is eomposed of structures that 
produce semen and expel it from the body. 


Eaeh testis is roughly 5 em (2 in.) long, 3 em (1.2 in.) wide, and 2.5 em (1 in.) 
thiek. Eaeh weighs 10-15 g (0.35-0.53 oz). The testes hang within the serotiim, 
a pouch of skin suspended inferior to the perinemn and anterior to the anus 

(F gures 27.1 and 27.3). 

Deseent of the Testes 

During development, the testes form inside the body eavity adjaeent to the kid- 
neys. As the fetus enlarges, the positions of these organs ehange. The testes 
gradually move inferiorly and anteriorly toward the anterior abdominal wall. 

The gubernaculum testis is a eord of eonneetive tissue and muscle fibers 
extending from the inferior part of eaeh testis to the posterior wall of a small, 
inferior poeket of the peritoneum igure 27.2 . As growth proeeeds, eaeh 
gubernaculum does not elongate, and the testes are held in position. During 
the seventh developmental month, growth continues rapidly, and circulating 
hormones stimulate eontraetion of the muscles of the gubernaculum testis. As 
a result, the position of the testes ehanges eonsiderably as they move through 
the inguinal eanal and eome to lie within the scrotum, outside the body. As the 
testes ehange position, small poekets of the peritoneal eavity also develop. This 
proeess is known as the deseent of the testes. 

As eaeh testis moves through the body wall, the ductus deferens and the 
testicular blood vessels, nerves, and lymphatie vessels aeeompany it. Together, 
these structures form the body of the spermatie eord. 

The Spermatie Cords 

The spermatie eords are paired structures extending between the abdomi- 
nopelvie eavity and the testes. Eaeh spermatie eord begins at the deep inguinal 
ring, extends through the inguinal eanal (a passageway through the abdom- 
inal musculature), exits at the superficial inguinal ring, and deseends to the 
testes within the scrotum (Figure 27.3). The spermatie eords form during 
the deseent of the testes. Eaeh spermatie eord eonsists of layers of faseia and 
muscle enelosing the ductus deferens and the blood vessels, nerves, and lym- 
phatie vessels that supply the testes. The blood vessels include the deferential 
artery, a testicular artery, and the pampiniform (pam-PIN-i-form; 
pampinus, tendril, + forma, form) plexus of the testicular vein. The ilio- 
inguinal and genitofemoral nerves from the lumbar plexus provide 
innervation. 

The inguinal eanals are the narrow eanals linking the serotal ehambers 
with the peritoneal eavity. These passageways usually elose, but the presenee 
of the spermatie eords within the eanal ereates weak points in the abdominal 
wall that remain throughout life. As a result, inguinal hernias (discussed in 
Chapter 10) are relatively eommon in males. The inguinal eanals in females 
are very small, eontaining only the ilio-inguinal nerves and the round liga- 
ments of the uterus. The abdominal wall is nearly intaet, and inguinal her- 
nias in women are rare. 
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Figure 27.1 The Male Reproductive System, Part I. The male reproductive system as seen in sagittal 
seetion. The diagrammatie view shows several intaet organs on the left side; this should help you to 
interpret the eadaver seetion. 
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Figure 27.2 The Deseent of the Testes 
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seale bar to the right of eaeh image. 



The Scrotum and the Position of the Testes The scrotum is divided 

internally into two separate ehambers. A raised thiekening in the serotal surface 
known as the raphe (RÀ-fé) of the scrotum divides it in two 'gures 27.3 
and 7.4a] . Eaeh testis occupies a separate serotal eavity. The tunica 
vaginalis (TU-ni-ka vaj-i-NAL-is), a serous membrane, lines the serotal eavity 
and reduces frietion between the opposing parietal (outer) layer and viseeral 
(inner) layer. 

The scrotum eonsists of a thin layer of skin and the underlying superficial 
faseia. Deep to the dermis of the scrotum are two layers of muscle. The most 
superficial is a layer of smooth muscle, the dartos (DAR-tòs) muscle. Resting 
muscle tone in the dartos muscle elevates the testes and causes wrinkling of the 
serotal surface. Deep to the dartos muscle is a layer of skeletal muscle, the 
eremaster (kre-MAS-ter). Contraction of the eremaster, eontrolled by the eremas- 
terie reflex, tenses the scrotum and pulls the testes eloser to the body. Contrac- 
tion occurs during sexual arousal and in response to temperature ehanges. 
Normal sperm development in the testes requires temperatures approximately 
1.1 °C (2°F) lower than those found elsewhere in the body. The eremaster moves 
the testes away from or toward the body as needed to maintain aeeeptable testie- 
ular temperatures. When air or body temperatures rise, the eremaster relaxes and 
the testes move away from the body. When the scrotum eools suddenly, as hap- 
pens when jumping into a eold swimming pool, these muscles eontraet to pull 
the testes eloser to the body and keep testicular temperatures from deereasing. 
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Figiire 27.3 The Male Reproductive System, Part II. Diagrammatie anterior view of the gonads, 
external genitalia, and assoeiated structures in a male. 


Llrinary bladder 


lnguinal eanal 











Spermatie Cord 


Genitofemoral nerve 
Deferential artery 
Ductus deferens 


Pampiniform plexus 
Testicular artery 


Epididymis 

Serotal eavity 

estis (eovered by viseeral 
layer of tunica vaginalis) 

Parietal layer of 
tunica vaginalis 
(inner lining of eremaster, 
faeing serotal eavity) 



Serotal skin (cut) 


Testicular artery 
Testicular vein 


Penis 


lnguinal ligament 

Superficial 
inguinal ring 


Raphe of the scrotum 


The scrotum is riehly supplied with sensory and motor nerves from the 
hypogastrie plexus and branehes of the ilio-inguinal nerves, genitofemo- 
ral nerves, and pudendal nerves. The vascular supply to the scrotum includes 
the internal pudendal arteries (branehes of the internal iliae arteries), the 
external pudendal arteries (branehes of the femoral arteries), and the ere- 
masterie braneh of the inferior epigastrie arteries (branehes of the external 
iliae arteries). The names and distributions of the veins follow those of the 
arteries. 

Structure of the Testes 

The tunica albuginea (TU-ni-ka al-bu-JIN-é-a) is a dense layer of fibrous 
eonneetive tissue that surrounds the testis and is eovered by the tunica vagi- 
nalis. This fibrous capsule is rieh in eollagen fibers that are continuous with 
those surrounding the adjaeent epididymis. The eollagen fibers of the tunica 
albuginea also extend into the interior of the testis, forming fibrous partitions 
termed the septa testis. These septa testis eonverge toward the mediastimim of 
the testis. The mediastinum supports the blood vessels and lymphaties supply- 
ing the testis and the ducts that eolleet and transport sperm into the epididymis 
(Figure 27.4). 

Histology of the Testes 

The septa testis partition the testis into eompartments ealled lobules. Roughly 
800 slender, tightly eoiled seminiferous (sem-i-NIF-er-us) tubules are dis- 
tributed among the lobules Figure 27.4 . Eaeh tubule averages around 80 em 
(31 in.) in length, and a typieal testis eontains approximately one-half mile of 
seminiferous tubules. Sperm production occurs within these tubules. 

Eaeh seminiferous tubule is U-shaped and eonneeted to a single straight 
tubule that enters the mediastinum of the testis gures 27.4a and 7.7a] . 


Within the mediastinum, straight tubules are extensively intereonneeted, 
forming a maze of passageways known as the rete (RÉ-te; rete , a net) testis. 
Fifteen to twenty large efferent ductules eonneet the rete testis to the 
epididymis. 

Because the seminiferous tubules are tightly eoiled, histologieal prepara- 
tions most often show them in transverse seetion Figure 27.5c,d) . A delieate 
capsule surrounds eaeh tubule, and loose eonneetive tissue fills the external 
spaees between the tubules. Within those spaees are numerous blood vessels 
and large interstitial endoerine eells (Leydig eells). Interstitial endoerine eells 
produce androgens, the dominant male sex hormones. Testosterone is the most 
important androgen, and functions to: 

■ stimulate spermatogenesis, 

■ promote the physieal and functional maturation of sperm, 

■ maintain the aeeessory organs of the male reproductive traet, 

■ cause development of seeondary sexual eharaeteristies such as faeial hair, 

■ stimulate growth and metabolism throughout the body, and 

■ influence brain development by stimulating sexual behaviors and sexual 
drive. 

Spermatogenesis and Meiosis 

Sperm are produced through the proeess of spermatogenesis (sper-ma- 
tò-JEN-e-sis) gure 27.5 . Spermatogenesis begins at the outermost layer of 
eells in the seminiferous tubules. Stem eells ealled spermatogonia (sper-ma- 
tò-GÓ-nè-a) form during embryonie development, but remain dormant until 
puberty. 
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Figure 27.4 Structure of the Testes 
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Beginning at sexual maturation, spermatogonia continuously divide 
throughout the reproductive years. As eaeh division occurs, one of the daughter 
eells remains in the outer layer of the seminiferous tubule as an undifferenti- 
ated stem eell. The other eell is pushed toward the lumen and differentiates into 
a primary spermatoeyte (sper-MA-tò-sTt) that prepares to begin meiosis 
(ml-Ó-sis). Meiosis is a form of eell division that produces gametes eontain- 
ing half the normal number of ehromosomes. Because they eontain only one 
member of eaeh pair of ehromosomes, gametes are ealled haploid (HAP-loyd; 
haplo, single). 

Mitosis and meiosis differ signifieantly in terms of the nuclear events. In 
mitosis, a single division produces two identieal daughter eells, eaeh eontain- 
ing 23 pairs of ehromosomes (Spotlight Figure 2.17, p. 45). In meiosis, 
a pair of divisions produces four different, haploid gametes, eaeh eontaining 
23 individual ehromosomes. 

In the testes, in the first step in meiosis a primary spermatoeyte divides 
to produce a pair of seeondary spermatoeytes. Eaeh seeondary spermato- 
eyte divides to produce a pair of spermatids (SPER-ma-tidz). As a result, for 
every primary spermatoeyte that enters meiosis, four spermatids are produced 

(Figure 27.5). 

Spermatogenesis is direetly stimulated by testosterone and indireetly 
stimulated by FSH (follicle-stimulating hormone). Interstitial endoerine eells 
of the testis produce testosterone in response to LH (luteinizing hormone). 

tD pp. 508-512, 520-521 



Spermiogenesis 

In spermiogenesis, spermatids differentiate into physieally mature sperm 
(Figure 27 .i . During spermiogenesis, spermatids are embedded within the 
eytoplasm of large nurse eells (Sertoli eells). Nurse eells are attaehed to the basal 
lamina at the tubular capsule and extend toward the lumen between the 


spermatoeytes undergoing meiosis. As spermiogenesis proeeeds, the spermatids 
gradually develop into mature sperm. The detaehment of the sperm from the 
nurse eell releases it into the lumen of the seminiferous tubule. This marks the 
end of spermiogenesis. The entire proeess, from start to finish, takes approxi- 
mately 9 weeks. 

Nurse Cells 

Nurse ( Sertoli ) eells have five important functions: 

o Maintain the blood testis barrier: A blood testis barrier, eomparable to 
the blood brain barrier, isolates the seminiferous tubules from the general 
circulation gure 27.5c,d]. Several faetors contribute to the blood testis 
barrier. Tight junctions between nurse eells isolate the luminal portion of 
the seminiferous tubule from the surrounding interstitial fluid. Transport of 
materials aeross the nurse eells is tightly regulated, which maintains a stable 
environment surrounding the spermatoeytes and spermatids. The lumen of a 
seminiferous tubule eontains a fluid high in androgens, estrogens, potassimn, 
and amino aeids, which is very different from interstitial fluid; the blood tes- 
tis barrier is essential to preserving these differenees. In addition, developing 
sperm eontain sperm-speeifie antigens in their eell membranes. These anti- 
gens, not found in somatie plasma membranes, would be attaeked by the 
immune system if the blood testis barrier did not prevent their deteetion. 

o Support mitosis and meiosis: Circulating follicle-stimulating hormone 
(FSH) and testosterone stimulate nurse eells. These stimulated nurse eells 
then promote the division of spermatogonia and the meiotie divisions of 
spermatoeytes. 

o Support spermiogenesis: Spermiogenesis requires the presenee of nurse 
eells. These eells surround and enfold the spermatids, providing nutrients 
and ehemieal stimuli that promote their development. 
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Figure 27.5 Histology of the Seminiferous Tubules 
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o Seerete inhibin: Nurse eells seerete a hormone ealled inhibin (in-HIB-in). 
Inhibin depresses the pituitary production of FSH and gonadotropin-re- 
leasing hormone (GnRH). By regulating FSH and GnRH seeretion, nurse 
eells provide negative feedbaek eontrol of spermatogenesis. 

o Seerete androgen-binding protein: Androgen binding protein (ABP) 
binds androgens in the fluid eontents of the seminiferous tubules. This 
protein is thought to be important in elevating the eoneentration of 
androgens within the tubules and stimulating spermiogenesis. FSH stimu- 
lates the production of ABP. 

Anatomy of a Sperm 

► KEY POINT A sperm has three distinet regions: head, middle pieee, and tail. 

There are three distinet regions to eaeh sperm: the head, middle pieee, and tail 

(Figure 27.6). 

o The head of a sperm eontains densely paeked ehromosomes. The tip of the 
head eontains the aerosome (AK-rò-sòm). This is a membrane-bound, 
vesicular eompartment eontaining enzymes involved in fertilization. 


e A short neek attaehes the head to the middle pieee. The neek eontains 
both eentrioles of the original spermatid. The distal eentriole is eonneeted 
to microtubules that are continuous throughout the middle pieee and tail. 
Mitoehondria that provide the ATP needed to move the tail are arranged in 
a spiral around the microtubules. 

o The tail is the only flagelliim in the human body. The tail moves the 
sperm from one plaee to another. Unlike eilia, which beat in a prediet- 
able, waving fashion, the tail of a sperm has a whip-like, corkscrew 
motion. 

Unlike other, less speeialized eells, a mature sperm laeks an endoplasmie 
reticulum, a Golgi apparatus, lysosomes, peroxisomes, inclusions, and many 
other organelles. Because a sperm does not eontain glyeogen or other energy 
reserves, it must absorb nutrients (primarily fmetose) from the surrounding 
fluid. 

The Male Reprodiietive Traet 

► KEY POINT The eomponents of the male reproductive traet are eoneerned 
with the fiinetional maturation, nourishment, storage, and transport of sperm. 


'gure 27.6 Spermiogenesis and Sperm Histology 
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The Epididymis 

Late in their development, the spermatozoa detaeh from the nurse eells and are 
free within the lumen of the seminiferous tubule. Although they have most of 
the physieal eharaeteristies of mature sperm, they are still functionally immature 
and ineapable of loeomotion or fertilization. Fluid currents within the straight 
tubule and rete testis transport the sperm into the epididymis ure 27.7a,b' . 
The lumen of the epididymis is lined by a distinetive pseudostratified columnar 
epithelmm with long stereoeilia gure 27.7c,d’ . 

The epididymis is the start of the reproductive traet and lies along the 
posterior border of eaeh testis Figures 27.1 , p. 709, 7.2 , p. 711, 27.4, 

p. 712, and 27.7a). It has a firm texture and ean be felt through the scrotum. 
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Eaeh epididymis is a tubule almost 7 m (23 ft) long, but it is eoiled and twisted 
so it takes up very little spaee. The epididymis is subdivided into a head, body, 
and tail: 

■ The superior head reeeives sperm via the efferent ducts of the mediasti- 
num of the testis. 

■ The body begins distal to the last efferent duct and extends inferiorly along 
the posterior margin of the testis. 

■ Near the inferior border of the testis, the number of convolutions 
deereases, marking the start of the tail. The tail reverses direetion and, 
as it aseends, the tubular epithelium ehanges. The stereoeilia disap- 
pear, and the epithelimn beeomes almost identieal to that of the ductus 


deferens—the next segment of the male reproductive traet. The tail of the 
epididymis is the main storage site for sperm. 

The epididymis has three major functions: 

o It monitors and adjusts the eomposition of the fluid produced by the seminifer- 
ous tubules. The pseudostratified columnar epithelial lining of the epididymis 
has distinetive stereoeilia gure 27.7c,d] . These stereoeilia inerease the sur- 
faee area available for absorption and seeretion into the tubular fluid. 

o It reeyeles damaged sperm. Cellular debris and damaged sperm are 
absorbed in the epididymis. The products of enzymatie breakdown are 
released into the surrounding interstitial fluids for pickup by the epididy- 
mal blood vessels. 


Figure 27.7 The Epididymis 
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CLINICAL NOTE 


Testicular Cancer 


Testicular eaneer is usually a disease of young and middle- 
aged men. It almost always develops in the rapidly dividing stem 
eells, the spermatogonia. Often a painless lump is the first symptom. 

The best defense against this disease is regular testicular 
self-examination. If found and treated early, testicular eaneer is 
often curable. Treatment usually includes an orehieetomy (surgica 
removal of the testis) and ehemotherapy. 


o It stores spermatozoa and faeilitates their fimetional maturation. It takes 
about 2 weeks for a sperm to pass through the epididymis and eomplete 
its functional maturation in a proteeted environment. Although sperm 
leaving the epididymis are mature, they remain immobile. To beeome 
motile (aetively swimming) and fully functional, they must undergo 
eapaeitation. This proeess normally occurs in two steps: (a) sperm 
beeome motile when mixed with seeretions of the seminal glands, and 
(b) they beeome eapable of successful fertilization when exposed to eon- 
ditions inside the female reproductive traet, which ehanges the plasma 
membrane of the sperm. While the sperm remain in the male reproduc- 
tive traet, a seeretion of the epididymis prevents premature eapaeitation. 

Rhythmie eontraetions of the stereoeilia, and peristaltie eontraetions 
of the smooth muscle of the epididymis, push the sperm toward the ductus 
deferens. 


The Ductus Deferens 

The ductus deferens, or vas deferens, is 40-45 em (16-18 in.) long. It begins 
at the end of the tail of the epididymis and aseends into the abdominopelvie eav- 
ity through the inguinal eanal as part of the spermatie eord gure 27.7a,b' . 
Inside the abdominal eavity, the ductus deferens passes posteriorly and infe- 
riorly along the lateral surface of the bladder, passing medially and anteri- 
orly to the ureters. The ductus deferens then deseends along the posterior 
surface of the urinary bladder toward the superior and posterior margin of 
the prostate. Just before it reaehes the prostate, the ductus deferens enlarges, 
forming an expanded portion termed the ampiilla (am-PUL-la) of the 
ductus deferens gure 27.8a). 

The wall of the ductus deferens eontains a thiek layer of smooth muscle 
(Figure 27.8b). Peristaltie eontraetions in this layer propel spermatozoa and fluid 
along the duct, which is lined by a pseudostratified eohimnar epithelium with 
stereoeilia. In addition to transporting sperm, the ductus deferens stores sperm 
for several months. During this time, the sperm remain in a temporary state of 
inaetivity with low metabolie rates. 

Eaeh ampulla joins with an excretory duct of the seminal gland on 

that side. This marks the start of the ejaculatory duct. These relatively short 
passageways (2 em, or less than 1 in.) penetrate the muscular wall of the pros- 
tate and empty into the prostatie urethra near the ejaculatory duct from the 
other side. 



The Urethra 

The male urethra extends from the urinary bladder to the tip of the penis, a 
distanee of 15-20 em (6-8 in.). It is divided into prostatie, membranous 
(intermediate part ofmethra), and spongy regions ( ures 27.1, p. 709, and 
27.9, p. 718). In males, the urethra is a passageway used by both the urinary 
and reproductive systems. 


The Aeeessory Glands 

► KEY POINT Seminal fluid is a mixture of seeretions from many different 

glands, eaeh with distinetive bioehemieal eharaeteristies. 

In addition to the seminiferous tubules and the epididymis, the seminal glands, 
prostate, and bulbo-urethral glands contribute distinetive fluids to the semen 
(Figure 27.8a . Major functions of these glands include (1) aetivating the 
sperm, (2) providing the nutrients sperm need for motility, and (3) producing 
buffers that counteract the aeidity of the urethral and vaginal environments. 

The Seminal Glands 

Eaeh ductus deferens ends at the junction between the ampulla and the excre- 
tory duct draining the seminal gland on that side. The seminal glands, or 
seminal vesieles, are embedded in eonneetive tissue on either side of the 
midline, sandwiched between the posterior wall of the urinary bladder and the 
anterior wall of the rectum. Eaeh seminal gland is a tubular gland, around 15 
em (6 in.) in length. Eaeh tubule has many short side branehes, and the entire 
gland is eoiled and folded into a eompaet, tapered mass roughly 5 em by 2.5 em 
(2 in. by 1 in.) (Figure 27.9a). 

The seminal glands are lined with a pseudostratified columnar epithelium 
gure 27.8c). These are extremely aetive seeretory glands, contributing about 
60 pereent of the volume of semen. Although the fluid has the same osmotie 
eoneentration as blood plasma, the eomposition is quite different. The seeretion 
of the seminal glands eontains prostaglandins, elotting proteins, and relatively 
high eoneentrations of fmetose, which is easily metabolized by sperm to pro- 
duce ATP. 

Seminal fluid is diseharged into the ductus deferens during ejaculation, 
when peristaltie eontraetions are under way in the ductus deferens, seminal 
glands, and prostate. These eontraetions are under the eontrol of the sympa- 
thetie nervous system. When mixed with the seeretions of the seminal glands, 
previously inaetive but functional spermatozoa begin beating their flagella, 
beeoming highly mobile. 

The Prostate 

The prostate is a small, muscular, rounded organ about 4 em (1.6 in.) in 
diameter. The prostate eneireles the prostatie urethra as it leaves the urinary 
bladder Figures 27.1, 27.8a, and !7.9a). The prostate eontains 30-50 
compound tubulo-alveolar glands ure 27.8d . The epithelial lining of 
these glands is generally a simple eolmnnar epithelium. However, it may vary 
from a simple squamous to simple cuboidal to pseudostratified columnar 
epithelium. These glands are surrounded and wrapped in a thiek blanket of 
smooth muscle fibers. 

The prostate produces prostatie fluid, a weakly aeidie seeretion that eon- 
tributes 20-30 pereent of the volume of semen. This solution is rieh in enzymes 
that nourish and prevent sperm coagulation in the vagina and eontains 
seminalplasmin (sem-i-nal-PLAZ-min), an antibiotie that may help prevent 
urinary traet infeetions in males. Peristaltie eontraetions of the muscular wall 
ejeet these seeretions into the prostatie urethra. 

The Bulbo-urethral Glands 

The paired bulbo-urethral glands ( Cowper's glands) are loeated at the base 
of the penis gures 27.8a and 7.9a). The bulbo-urethral glands are small, 
round glands, with diameters approaehing 10 mm (less than 0.5 in.). The duct 
of eaeh gland parallels the spongy urethra for 3-4 em (1.2-1.6 in.) before emp- 
tying into the urethral lumen. The glands and ducts are lined by an epithelium 
that varies between simple cuboidal and simple columnar epithelium. These are 
compound tubulo-alveolar mucous glands that seerete a thiek, stieky, alkaline 
mucus agure 27.8e). This seeretion neutralizes any urinary aeids that may 
remain in the urethra and lubricates the tip of the penis. 
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Figure 27.8 The Ductus Deferens and Aeeessory Glands 
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Histology of the seminal glands. Note the extensive glandular surface 
area here; these organs produce most of the volume of seminal fluid. 
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Histology of the prostate. The tissue between the individual glandular units 
eonsists largely of smooth muscle. Contractions of this muscle tissue move 
the seeretions into the ejaculatory duct and urethra. 



Histology of the bulbo-urethral glands, which seerete a thiek 
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Figure 27.9 The Penis 
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Semen 

► KEY POINT Semen eontains sperm, seminal fluid, and various enzymes. 

A typieal ejaculation releases 2-5 mL of semen ( ejaculate ). Semen eontains the 

following: 

o Sperm: A normal sperm eoimt ranges from 20 million to 100 million 
sperm per milliliter of semen. 

o Seminal fluid: The fluid eomponent of semen is ealled seminal fluid. It 
is a mixture of glandular seeretions with a distinetive ionie and nutrient 
eomposition. Seminal fluid eontains the eombined seeretions of the sem- 
inal glands (60 pereent), the prostate (30 pereent), the nurse eells and 
epididymis (5 pereent), and the bulbo-urethral glands (5 pereent). 

o Enzymes: Several important enzymes are present in the seminal fluid, 
including (a) a protease that may help dissolve mucus in the vagina, 
(b) seminalplasmin, an antibiotie enzyme that kills a variety of bae- 
teria, including Eseheriehia eoli, (e) a prostatie enzyme that eonverts 
fibrinogen to fibrin, coagulating the semen within a few minutes after 
ejaculation, and (d) fibrinolysin, which liquefies the elotted semen 
after 15-30 minutes. 


The Penis 

► KEY POINT The penis is divided into three regions and eontains the distal 

portion of the male urethra. 

The penis is a tubular organ for sexual intercourse and conducting urine to the 
exterior. Main structures include the root, body, and glans penis gure 27.9a,c' : 

■ The root of the penis attaehes the penis to the rami of the isehia. This 
eonneetion occurs within the urogenital triangle immediately inferior to 
the pubic symphysis. 

■ The body (shaft) of the penis is the tubular, movable portion. Masses of 
ereetile tissue are found within the body. 

■ The glans penis is the expanded distal end surrounding the external ure- 
thral orifiee. 

The skin overlying the penis is generally hairless and eontains more pig- 
mentation than skin elsewhere on the body. The dermis eontains a layer of 
smooth muscle, and the underlying loose eonneetive tissue allows the skin 
to move without distorting underlying structures. The subcutaneous layer 
also eontains superficial arteries, veins, and lymphaties, but relatively few 
fat eells. 

A fold of skin, the foreskin or prepuce (PRÈ-pus), surrounds the tip 
of the penis. The foreskin attaehes to the narrow neek of the glans and 
continues distally over the glans penis. There are no hair follieles on the 
opposing surfaces. Preputial (prè-PU-shè-al) glands in the skin of the neek 
of the glans and the inner surface of the foreskin seerete a waxy material 
known as smegma (SMEG-ma). Unfortunately, smegma is an excellent 
nutrient source for baeteria. Mild inflammation and infeetions in this region 
are eommon, espeeially if the area is not washed thoroughly and frequently. 
One way to avoid such problems is circumcision (ser-kum-SIZH-un), the 
surgical removal of the foreskin. 

Deep to the loose eonneetive tissue underlying the dermis, a dense network 
of elastie fibers eneireles the internal structures of the penis. Most of the body 
of the penis eonsists of three parallel eylindrieal columns of ereetile tissue 
(Figure 27.9). This ereetile tissue is eomposed of a maze of vascular ehannels 
ineompletely separated by partitions of elastie eonneetive tissue and smooth 
muscle fibers. In the resting state, the arterial branehes are eonstrieted and the 


muscular partitions are tense. This eombination restriets blood flow into the 
ereetile tissue. During ereetion, the penis stiffens and elevates to an upright 
position, but the flaeeid (nonereet) penis hangs inferior to the pubic symphysis 
and anterior to the serotmn. 

On the posterior surface of the penis, the two eylindrieal eorpora eavernosa 
(KÓR-pòr-a ka-ver-NÓ-sa) are eneireled by a dense collagenous sheath and sepa- 
rated by a thin septum. The eorpora eavernosa diverge at their bases, forming the 
crus of the penis. Eaeh crus is bound to the isehial ramus and pubis by tough 
eonneetive tissue ligaments. The eorpora eavernosa extend along the length of the 
penis as far as its neek. The ereetile tissue within eaeh corpus cavernosum sur- 
rounds a eentral artery, the deep artery of the penis gure 27.9a-c] . 

The corpus spongiosum (spon-jè-Ò-sum) surrounds the spongy urethra. 
This ereetile body extends from the superficial faseia to the tip of the penis, 
where it expands to form the glans penis. The sheath surrounding the corpus 
spongiosum eontains more elastie fibers than does that of the eorpora eav- 
ernosa, and the ereetile tissue eontains a pair of small arteries. The bulb of the 
penis is the thiekened, proximal end of the corpus spongiosum. 

After ereetion has occurred, semen release involves a two-step proeess. 
During emission the sympathetie nervous system eoordinates peristaltie eon- 
traetions that sweep from the ductus deferens to the seminal glands to the 
prostate to the bulbo-urethral glands. These eontraetions mix the fluid eom- 
ponents of the semen within the male reproductive traet. Ejaculation then 
occurs, the result of powerful, rhythmie eontraetions beginning in the isehio- 
cavernosus and bulbospongiosus, two muscles of the pelvie floor. The isehio- 
cavernosus inserts along the sides of the penis, and their eontraetions stiffen 
the organ. The bulbospongiosus wraps around the base of the penis, and its 
eontraetion pushes semen toward the external urethral orifiee. Reflexes involv- 
ing the inferior lumbar and superior saeral segments of the spinal eord eontrol 
these eontraetions. 



CONCEPT CHECK 

2 What structures make up the body of the spermatie 
eord? 

3 Why are inguinal hernias relatively eommon in males? 

4 How is the loeation of the testes (outside the peritoneal 
eavity) important to the production of viable sperm? 

5 What is the function of the blood testis barrier? 

6 Traee the path of a developing sperm from the time 
it beeomes detaehed from the nurse eells until it is 
released from the body. 


5ee the blue Ansvvers tab at the baek of the book. 


E M BRYOLOG Y S U M M ARY 

For a summary of the development of the male reproductive system, see 
Chapter 28 (Embryology and Human Development). 

27.3 Anatomy of the Female 

Reprodiietive System 

► KEY POINT The female reproductive system produces ooeytes, proteets and 
supports a developing embryo and fetus, and nourishes the newborn infant. The 
ovaries are the female gonads. 

The main structures of the female reproductive system are shown in gure 
27.10. Female ooeytes form in the ovaries. They then leave the ovaries and 
travel along the uterine tubes (Fallopian tubes), where fertilization may occur. 
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Figure 27.10 The Female Reproductive System. The female pelvis and perineum in sagittal seetion. 
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The ooeytes eventually reaeh the uterus. The uterus opens into the vagina; the 
external opening of the vagina is surrounded by the female external genitalia. 
As in males, aeeessory glands seerete into the reproductive traet. 

The broad ligament is a large mesentery enelosing the ovaries, uterine 
tubes, and uterus igures 27.1 and 7.1 . The uterine tubes are found 

along the superior border of the broad ligament. They open into the pelvie eav- 
ity lateral to the ovaries. The mesosalpinx (mez-ò-SAL-pinks) is the free edge 
of the broad ligament attaehed to eaeh uterine tube. A thiekened fold of the 
broad ligament, the mesovarium (mez-ò-VA-ré-um), supports and stabilizes 
the position of eaeh ovary Figure 27.11a,b). 

The broad ligament attaehes to the sides and floor of the pelvie eav- 
ity, where it is continuous with the parietal peritoneum. The broad ligament 
subdivides the pelvie eavity. The poeket formed between the posterior wall of 
the uterus and the anterior surface of the eolon is the recto-uterine (rek-tò- 
U-ter-in) pouch, while the poeket between the anterior wall of the uterus 
and the posterior wall of the urinary bladder is the vesico-uterine (ves-i-kò- 
U-ter-in) pouch igures 27.10 and 7.11c). (These subdivisions are most 
apparent in sagittal seetion.) 

Several other ligaments help support and stabilize the uterus and assoei- 
ated reproductive organs. These ligaments lie within the mesentery sheet of the 
broad ligament and are eonneeted to the ovaries or uterus. The broad ligament 
limits side-to-side movement and rotation, and the other ligaments, discussed 
in the next seetion, prevent superior-inferior movement. 

The Ovaries 

► KEY POINT The ovaries are small, paired organs loeated nearthe lateral walls 

of the pelvie eavity. The ovaries produce ooeytes and seerete hormones. 

A typieal ovary is a flattened oval measuring approximately 5 em long, 2.5 em 
wide, and 8 mm thiek (2 in. X 1 in. X 0.33 in.). Eaeh ovary weighs 6-8 g 
(roughly 0.25 oz). These organs are responsible for producing ooeytes and 
seereting hormones. 

The ovaries have no peritoneal eovering, but eaeh ovary is stabilized by 
the mesovarium and by the ovarian ligament and suspensory ligament 
gures 27.10, 27.1 , and 7.15 . The ovarian ligaments extend from 
the lateral walls of the uterus, near the attaehment of the uterine tube, to the 
medial surface of the ovary. The suspensory ligament extends from the lateral 
surface of the ovary past the open end of the uterine tube to the pelvie wall. 
The suspensory ligament eontains the major blood vessels of the ovary: the 
ovarian artery and ovarian vein. These vessels are eonneeted to the ovary at the 
ovarian hihrni, where the ovary attaehes to the mesovarium igure 27.1* . 

Eaeh ovary has a pink or yellowish eoloration and a nodular eonsisteney. 
Covering the surface of eaeh ovary is a single layer of cuboidal epithelium 
ealled the germinal epithelium. It overlies a layer of dense eonneetive tissue 
ealled the tunica albuginea. We divide the interior tissues, or stroma, of the 
ovary into a superficial cortex and a deeper medulla. Gametes are produced in 
the cortex (Figure 27.11b). 

The Ovarian Cycle and Oogenesis 

Three interrelated proeesses help to ensure the continuation of our speeies 
from the female perspeetive: oogenesis, the ovarian eyele, and the uterine eyele. 
Oogenesis (ò-ò-JEN-e-sis) is the production of female gametes ealled ooeytes. 
The ovarian eyele is the monthly series of events assoeiated with the matura- 
tion of an ooeyte. The uterine eyele involves a series of events that prepares 
the uterus for implantation of a fertilized ooeyte. Oogenesis begins before birth, 
aeeelerates at puberty, and ends at menopause (end of menstmation). During 
fetal development, female reproductive stem eells ealled oogonia (ò-ò-GÓ- 
né-uh; singular, oogoniiim) eventually produce diploid primary ooeytes (2n). 
Speeialized structures in the cortex of the ovaries ealled ovarian follieles 
(ò-VAR-é-an FOL-i-klz) are the sites of both ooeyte growth and oogenesis. 



CLl N ICAL NOTE 


Ovarian Cancer 


Cancer of the ovary is not eommon, but it is deadly. Most 
often, it develops in the germinal epithelium. Currently, there 
is no sereening examination for ovarian eaneer. There are no symp- 
toms in the early stage, and thus it often goes undetected until 
it has spread within the peritoneum. Advaneed ovarian eaneer is 
difficult to treat with a eombination of surgery and ehemotherapy. 
Signs and symptoms of advaneed eaneer include the following: 


Pain or a heavy feeling in the lower abdomen 
Abnormal bleeding from the vagina 

■ Abnormal periods 

■ Weight gain or loss 

Unexplained baek pain that gets worse 
Gas, nausea, or loss of appetite 


Women who have a full-term pregnaney before age 26 have a 
lower risk of ovarian eaneer, and that risk goes down with eaeh fuII- 
term pregnaney. Other faetors that reduce a woman's risk include 
using oral eontraeeptives (birth eontrol pills), having a tubal ligation 
(removing a pieee of the uterine tubes), or having a hystereetomy 
(removing the uterus without removing the ovaries). 

The risk of ovarian eaneer inereases with age. Most tumors 
develop after menopause. Like breast eaneer, ovarian eaneer ean 
run in families, and the risk rises with an inereased number of rela- 
tives with the disease. Inherited mutations in the genes BRCA1 and 
BRCA2, as well as other genes that are being studied, are linked to 
ovarian and breast eaneer. BRCA1 is eonsidered a "tumor suppressor" 
gene that makes proteins, which proteet eells from growing abnor- 
mally. A BRCA1 gene mutation signifieantly inereases a woman's 
lifetime risk of ovarian eaneer. In eomparison, the ovarian eaneer life- 
time risk for women with normal BRCA1 genes is less than 2 pereent. 



At puberty, rising levels of FSH trigger the start of the ovarian eyele. Eaeh 
month thereafter, FSH stimulates some of the primordial follieles to undergo 
further development—a proeess ealled the ovarian eyele. Folliele development 
and the ovarian eyele are shown in C|ure 27.1 . 

o Primordial ovarian follieles: Primary ooeytes are loeated in the outer por- 
tion of the ovarian cortex, near the tunica albuginea, in clusters ealled 
egg nests. A single squamous layer of folliele eells surrounds eaeh primary 
ooeyte within an egg nest. The primary ooeyte and its folliele eells form a 

primordial ovarian folliele. 

o Formation of primary ovarian follieles: The ovarian eyele begins as aeti- 
vated primordial ovarian follieles develop into primary ovarian follieles, 
a proeess involving ehanges in the ooeyte, folliele eells, and surrounding 
stroma. The follicular eells beeome cuboidal in shape and undergo repeated 
eell divisions. As a result, several layers of follicular eells develop around 
the ooeyte. These folliele eells are ealled gramilosa eells. The enlarging 
ooeyte seeretes proteins that form an extracellular eoat ealled the zona 
pelliieida (ZÓ-na pe-LU-si-da) around the ooeyte. Granulosa eells eon- 
tinually provide the developing ooeyte with nutrients. These eells possess 
mierovilli that, along with mierovilli from the ooeyte, penetrate the zona 
pellucida. 
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Figure 27.11 The Ovaries, Llterine Tubes, and Uterus 
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Figure 27.1 Histologieal Summary of the Ovarian Cycle. Follicular development during the ovarian 
eyele. The nuclear events that occur in ovum production (oogenesis) are illustrated in igiire 27.1 . 
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together to produce the sex hormones ealled estrogens. The hor- 
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organs, and (e) initiating repair and growth of the uterine lining. 


o Formation of seeondary ovarian follieles: Many primordial follieles develop 
into primary follieles, but only a few of the primary follieles mature fur- 
ther. This proeess is apparently under the eontrol of a growth faetor pro- 
duced by the ooeyte. The transformation begins as the wall of the folliele 
thiekens. At this stage, the complex is known as a seeondary ovarian 
folliele. The primary ooeyte continues to grow slowly. 

o Formation of a tertiary ovarian folliele: During the next 2-3 months, the 
folliele wall continues to grow and the deeper follicular eells begin seeret- 
ing follicular fluid. This fluid accumulates in small poekets that gradually 


expand between the inner and outer cellular layers of the folliele. The see- 
ondary folliele as a whole has doubled in size, and is now ealled a tertiary 
folliele. The tertiary folliele, also ealled a vesicular folliele, continues to 
grow and accumulate follicular fluid. Its large size ereates a prominent 
bulge in the surface of the ovary. The ooeyte and its eovering of follicular 
eells projeet into the expanded eentral ehamber of the folliele, the antram 
(AN-trum). The antmrn is surrounded by a mass of gramilosa eells. The 
granulosa eells still assoeiated with the seeondary ooeyte form a proteetive 
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layer known as the eorona radiata (kò-RO-nuh rá-dè-AH-tuh). As the 
granulosa eells enlarge and multiply, adjaeent eells in the ovarian stroma 
form a layer of theeal endoerine eells ( theea , a box) around the folliele. 
Theeal endoerine eells and granulosa eells work together to produce the sex 
hormones ealled estrogens. Until this time, the primary ooeyte has been 
suspended in prophase of the first meiotie division. That division is now 
eompleted. Although the nuclear events during oogenesis are identieal to 
those in spermatogenesis, the eytoplasm of the primary ooeyte is not evenly 
distributed Figure 27.13). Instead of producing two seeondary ooeytes, the 
first meiotie division yields a seeondary ooeyte and a small, nonfunctional 
polar body. The seeondary ooeyte proeeeds to the metaphase stage of the 
seeond meiotie division. However, this stage will not be eompleted unless 
fertilization occurs. If fertilization does occur, the seeond meiotie division 
will be eompleted, producing an ovum and a nonfunctional polar body. 
Thus, instead of producing four equal-sized gametes, oogenesis produces a 
single ovum eontaining most of the eytoplasm of the primary ooeyte and 
polar bodies that are simply eontainers for the “extra” ehromosomes. 

o Ovulation: At ovulation (ov-u-LA-shun), the tertiary folliele releases the 
seeondary ooeyte. The distended follicular wall then ruptures, releasing the 
follicular eontents, including the seeondary ooeyte, into the pelvie eavity. 
The stieky follicular fluid keeps the eorona radiata attaehed to the sur- 
faee of the ovary near the ruptured wall of the folliele. The ooeyte is then 
moved into the uterine tube by eontaet with the fimbriae that extend from 
the tube’s funnel-like opening, or by fluid currents produced by the eilia 
that line the tube. 

Usually, only a single ooeyte is released into the pelvie eavity at ovulation, 
although many primordial follieles may have developed into primary fol- 
lieles, and several primary follieles may have been eonverted to seeondary 
follieles. These follieles undergo follicular atresia. 

o Formation of corpus luteum: The empty tertiary folliele initially eollapses, 
and ruptured vessels bleed. Under the stimulation of LH, the remaining 
granulosa eells then invade the area and proliferate to ereate the corpus 
luteum. 

o Formation of corpus albieans: The corpus luteum begins to degenerate 
about 12 days after ovulation (unless fertilization takes plaee). Progester- 
one and estrogen levels then deeline markedly. Fibroblasts invade the non- 
functional corpus luteum, producing a knot of pale sear tissue ealled a 

corpus albieans (AL-bi-kanz). 

The disintegration of the corpus luteum marks the end of the ovarian 
eyele. A new ovarian eyele then begins with the aetivation of another group of 
primordial follieles. 

Another ovarian eyele begins immediately, because the deeline in progester- 
one and estrogen levels that occurs as one eyele ends stimulates gonadotropin- 
releasing hormone (GnRH) production at the hypothalamus. This hormone 
triggers a rise in FSH and LH production by the anterior lobe of the pituitary 
gland, and this rise stimulates another period of folliele development. 

The hormonal ehanges involved with the ovarian eyele affeet the aetivities 
of other reproductive tissues and organs. In the uterus, the hormonal ehanges 
are responsible for the maintenanee of the uterine eyele, which we discuss in a 
later seetion. 



The llterine Tubes 

► KEY POINT The uterine tubes are hollow, muscular tubes that nourish the oo- 
eyte and transport it to the uterus. Eaeh uterine tube is divided into four regions. 

Eaeh uterine tube is a hollow, muscular tube measuring roughly 13 em (5 in.) 
in length (Figures 27.10, p. 720, 27.11, p. 722, 27.14, and 27.15). Eaeh 
tube is divided into five regions: 


Figure 27.13 Meiosis and Ovum Production 
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o Fimbriae are numerous fingerlike projeetions that drape over the ovary 
surface. 

o The infundibulum (in-fun-DIB-u-lum) is the end elosest to the ovary 
that forms an expanded funnel. The eells lining the inner surface of the 
infundibulum have eilia that beat toward the middle region of the uterine 
tube. 

o The ampulla is the middle region of the uterine tube. The smooth muscle 
layers in the wall of the ampulla thieken as we approaeh the uterus. 

o The isthnms (IS-mus) is a short region eonneeting the ampulla to the 
adjaeent uterine wall. 

o The short uterine part is a continuation of the isthmus. It opens into the 
uterine eavity. 
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Histology of the Uterine Tube 

The epithelmm lining the uterine tube has both eiliated and noneiliated sim- 
ple columnar eells. Concentric layers of smooth muscle surround the mucosa 
gures 27.14b,c). Transport of materials along the uterine tube involves a 
eombination of eiliary movement and peristaltie eontraetions in the walls of 
the uterine tube. A few hours before ovulation, sympathetie and parasympa- 
thetie nerves from the hypogastrie plexus “turn on” this beating pattern. The 
uterine tubes transport the ooeyte for final maturation and fertilization. 

It normally takes 3-4 days for an ooeyte to travel from the infundibulum 
to the uterine eavity. If fertilization is to occur, the ooeyte must encounter sperm 
drning the first 12-24 hours of its passage. Fertilization typieally occurs in the 
ampulla of the uterine tube. 

The uterine tube also provides a rieh, nutritive environment eontaining 
lipids and glyeogen. This mixture nourishes both sperm and a developing pre- 
embryo. Unfertilized ooeytes degenerate in the terminal portions of the uterine 
tubes or within the uterus. 

The Uterus 

► KEY POINT The uterus provides physieal proteetion, nutritional support, 
and waste removal for the developing embryo (weeks 1-8) and fetus (week 9 to 
delivery). Contractions in the muscular uterine wall help expel the fetus at the 
time of birth. 

The empty uterus is a small, pear-shaped organ about 7.5 em (3 in.) long with 
a maximum diameter of 5 em (2 in.) gures 27.10, p. 720, 27.1 , p. 722, 
and 27.15). It weighs 30-40 g (1-1.4 oz). In its normal position, the uterus 


bends anteriorly near its base. This is ealled anteflexion (an-tè-FLEK-shun). 
In this position, the body of the uterus lies aeross the posterior and superior 
surfaces of the urinary bladder gure 27.10] . If the uterus bends backward 
toward the saemrn, it is termed retroflexion (re-trò-FLEK-shun). Retroflexion, 
which occurs in about 20 pereent of adult women, has no elinieal signifieanee. 

Suspensory Ligaments of the Uterus 

In addition to the broad ligament, three pairs of suspensory ligaments stabilize 
the uterus: the uterosacral, round, and eardinal ligaments gures 27.1 and 
27.15a). The uterosacral (u-ter-o-SA-kral) ligaments extend from the lateral 
surfaces of the uterus to the anterior faee of the saemrn, keeping the body of the 
uterus from moving inferiorly and anteriorly. The round ligaments begin at the 
lateral margins of the uterus just inferior to the bases of the uterine tubes. They 
extend anteriorly and pass through the inguinal eanal before ending in the eon- 
neetive tissues of the external genitalia. These ligaments primarily restriet poste- 
rior movement of the uterus. The eardinal ligaments (also ealled the transverse 
eervieal ligaments ) extend from the base of the uterus and vagina to the lateral 
walls of the pelvis. These ligaments prevent inferior movement of the uterus. The 
skeletal muscles and faseia of the pelvie floor provide additional support. 

Gross Anatomy of the Uterus 

The uterine body is the largest region of the uterus Figure 27.15a . The 
fundus is the rounded portion of the body superior to the attaehment of the 
uterine tubes. The body ends at a eonstrietion known as the isthnms of uterus. 
The cervix (SER-viks) of the uterus is the inferior portion extending from the 
isthmus to the vagina. 


Figure 27.14 The Llterine Tubes 
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Figure 27.15 The Uterus 
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The tubular cervix projeets about 1.25 em (0.5 in.) into the vagina. VVithin 
the vagina, the distal end of the cervix forms a curving surface surrounding the 
external os (os, opening or mouth), the external opening of the uterus. The 
external os leads into the eervieal eanal. The eervieal eanal is a eonstrieted 
passageway that opens into the uterine eavity at the internal os, or internal 
opening (Figure 27.15 . 

The viscous mucus filling the eervieal eanal and eovering the external os 
prevents the passage of baeteria from the vagina into the eervieal eanal. As 
ovulation approaehes, the mucus beeomes more watery. If the mucus does not 
ehange in eonsisteney and remains viscous, sperm will have a difficult time 
entering the uterus, reducing the odds for successful fertilization. For this rea- 
son, treatment of female infertility may include drugs that make the eervieal 
mucus more watery. 

The uterus is supplied with branehes of the uterine and ovarian arteries 
and veins. Numerous lymphatie vessels also supply eaeh portion of the uterus. 
The uterus is innervated by autonomic fibers from the hypogastrie plexus (sym- 
pathetie nervous system) and saeral segments S 3 and S 4 (parasympathetie ner- 
vous system). Sensory afferents from the uterus enter the spinal eord in the 
dorsal roots of spinal nerves T ai and T 12 . 


The Uterine Wall 

The uterine wall has an outer, muscular myometrium (mT-ò-MÉ-trè-um; 
myo-, muscle, + metra, uterus) and an inner glandular endometrium (en-dò- 
MÉ-trè-um). The outer aspeets of the fundus and the anterior and posterior 
surfaces of the uterine body are eovered by a serous membrane continuous with 
the peritoneal lining. This ineomplete serosal layer is ealled the perimetrhim 
( gures 27.15a and 27.16). 

Uterine glands open onto the endometrial surface. These glands extend 
deep into the lamina propria, almost all the way to the myometrium. Under 
the influence of estrogen, the uterine glands, blood vessels, and endothelium 
ehange with the various phases of the monthly uterine eyele. The glandular and 
vascular tissues of the endometrium support the physiologieal demands of a 
growing fetus. 

The myometrium, the thiekest portion of the uterine wall, is eomposed of 
three poorly defined layers of smooth muscle. The middle layer is the thiekest 
and is eomposed of circularly or spirally arranged smooth muscle. The inner 
and outer layers are longitudinally arranged. The smooth muscle tissue of the 
myometrium provides much of the foree needed to push a fetus out of the 
uterus and into the vagina. 
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Figure 27.16 The llterine Wall 
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Blood Supply to the Uterus 

The uterus reeeives blood from branehes of the uterine arteries, which arise 
from branehes of the internal iliae arteries, and the ovarian arteries, which 
arise from the abdominal aorta inferior to the renal arteries gure 27.15a' . 
There are extensive intereonneetions among the arteries to the uterus. This 
arrangement helps guarantee a reliable flow of blood, despite ehanges in posi- 
tion and shape that aeeompany pregnaney. 

Histology of the Uterus 

The endometrium ean be subdivided into an inner functional layer, the layer elos- 
est to the uterine eavity, and an outer basil layer adjaeent to the myometrium. The 
functional layer eontains most of the uterine glands and contributes most of the 
endometrial thiekness. The basil layer attaehes the endometrium to the myome- 
trium and eontains the terminal branehes of the tubular glands ígure 27.16 . 

Within the myometrium, branehes of the uterine arteries form arcuate 
arteries that eneirele the endometrium. Radial arteries braneh from the 
arcuate arteries and supply both straight arteries and spiral arteries 
(Figure 27.16a,b] . Straight arteries deliver blood to the basil layer of the endo- 
metrium, and spiral arteries supply the functional layer. 

The structure of the basil layer remains relatively eonstant over time, but 
the structure of the functional layer undergoes eyelieal ehanges in response to 
sexual hormone levels. These alterations produce the eharaeteristie histologieal 
features of the uterine eyele. 

The Uterine Cyde 

The uterine eyele, or menstrual (MEN-stru-al) eyele, averages 28 days in 
length, but it ean range from 21 to 35 days in normal individuals. The eyele 
is divided into three phases: (1) menstmal, (2) proliferative, and (3) seere- 
tory. The phases occur in response to hormones that regulate the ovarian eyele 

(Figures 27.17 and 27.18). 


Menstrual phase The uterine eyele begins with the onset of the 
menstrual phase, an interval marked by the degeneration of the functional 
layer of the endometrium. The arteries nourishing the functional layer of 
the endometrium begin eonstrieting, which weakens the arterial walls and 
reduces blood flow. As a result, the seeretory glands and tissues of the func- 
tional layer begin to die. The weakened arterial walls rupture, and blood pours 
into the eonneetive tissues of the functional layer. Blood eells and degener- 
ating tissues break away from the endometrium and enter the uterine eavity 
to be shed as they pass through the external os and into the vagina. The pro- 
eess of endometrial sloughing, ealled menstruation (men-stru-À-shun) or 
menses, generally lasts from 1 to 7 days. During this time, about 35 to 50 
ml (1.2-1.7 oz) of blood are lost igure 27.17a] . Painful menstmation, or 
dysmenorrhea, may result either from uterine inflammation and eontrae- 
tion or from eonditions involving adjaeent pelvie structures. 

Menstmation occurs when progestin and estrogen eoneentrations deerease 
at the end of the ovarian eyele. It continues until the next group of follieles has 
developed to the point where estrogen levels rise again Figure 27.1 8 ] . 

The Proliferative Phase During menstmation, the circulatory supply 
to the basal layer of the endometrium, including the basal portions of the 
uterine glands, remains eonstant. As a result, the basil layer of the endome- 
trium survives menstmation. In the days following the eompletion of men- 
stmation, circulating levels of estrogens rise gure 27.18). Under the 
influence of these circulating estrogens, the epithelial eells of the glands 
multiply and spread aeross the endometrial surface. This restores the integ- 
rity of the uterine epithelmm Figure 27.17b). Continued growth and 
vascularization restore the functional layer of the endometrium. During 
the restoration, the endometrium is in the proliferative phase. This resto- 
ration occurs while the primary and seeondary follieles are enlarging in the 
ovary. Estrogens seereted by the developing ovarian follieles stimulate and 
sustain the proliferative phase. 
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CLINICAL NOTE 


(Jterine Fibroids and Cancers 


llterine fibroids, the most eommon benign uterine tumors # 
are not cancerous. Fibroids form in the muscular myometrium. 
They may interfere with fertility and ean cause heavy, painful 
periods or bleeding between periods. 

Cervical eaneer is one of the few eaneers that is known to 
result from a viral infeetion. Speeifieally, eertain types of human pap- 
illomavims (HPV), transmitted very eommonly through sexual eon- 
tact # cause eervieal eaneer. If everyone could be vaeeinated against 
HPV before beeoming sexually aetive many eervieal eaneers could 
theoretieally be eliminated. Early eervieal eaneer generally does 
not cause symptoms, but ean be deteeted with a pelvie examination 



and a sereening Pap smear (named after Dr. George Papanicolaou # 
an anatomist and eytologist). Pre-cancerous lesions and early 
eervieal eaneers have a good prognosis. 

Endometrial eaneer, the most eommon type of uterine eaneer, 
arises within the endometrium. Most eases occur in women ages 
50-70. Estrogen replaeement therapy without the use of proges- 
terone inereases the risk for endometrial eaneer. Post-menopausal 
bleeding is the most eommon sign and should always be investigated. 
A Pap smear may not deteet endometrial eaneer. If the eaneer has not 
spread beyond the uterus and is treated with surgical hystereetomy, 
possibly with additional radiation therapy, the prognosis is good. 



Figure 27.1 ì Histologieal ehanges in the llterine Cycle 
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Seeretory phase. The functional layer is now so 
thiek that at a magnifieation eomparable to that 
of part (a) or part (b) you eannot capture the 
entire width of the endometrium in one image. 
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Figure 27.18 The Hormonal Regulation of Female Reproductive Function 
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By the time ovulation occurs, the functional layer is several millimeters 
thiek and highly vascularized. The mucous glands extend throughout the func- 
tional layer of the endometrium and are manufacturing a mucus rieh in gly- 
eogen. The mucus is essential for the survival of the fertilized ovum through its 
earliest developmental stages. 

The Seeretory Phase During the seeretory phase of the uterine eyele, 
the endometrial glands enlarge and aeeelerate their rate of seeretion. Endo- 
metrial arteries elongate and spiral through the tissues of the functional layer. 
The eombined stimulatory effeets of progestins and estrogens from the corpus 
luteum cause this inereased seeretory aetivity Figures 27.17c and 7.18 . 
This phase begins at the time of ovulation and persists as long as the corpus 
luteum remains intaet. 


Endometrial seeretory aetivities peak about 12 days after ovulation. Over the 
next day or two, glands beeome less aetive, and the uterine eyele ends as the corpus 
luteum stops producing stimulatory hormones. A new eyele then begins with the 
onset of menstmation and the disintegration of the functional layer. The seeretory 
phase usually lasts 14 days. As a result, the date of ovulation ean be determined 
after the faet by counting backward 14 days from the first day of menstmation. 

Menarehe and Menopause The first uterine eyele is termed menarehe 
(me-NAR-kè), and usually occurs at age 11-12. The eyeles continue until age 
45-55, when menopause (MEN-ò-paws), the last uterine eyele, occurs. Between 
these two events, the uterine eyeles are intermpted only by unusual circumstances 
such as illness, stress, starvation, or pregnaney. Irregular uterine eyeles are eharae- 
teristie of the first 2 years after menarehe and the last 2 years before menopause. 
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The Vagina 

► KEY POINT The vagina is an elastie, muscular tube extending from the cervix 
to the vestibule, a spaee bounded by the external genitalia. 


The External Genitalia 

► KEY POINT The vulva is eomposed of the vestibule, labia minora, elitoris, 
mons pubis, and labia majora. 


The vagina has an average length of 7.5-9 em (3-3.5 in.), but because the 
vagina is highly distensible, its length and width are quite variable. At the 
proximal end of the vagina, the cervix projeets into the vaginal eanal. 
The vaginal fornix (FOR-niks) is a shallow reeess surrounding the eervieal 
protrusion. The vagina lies parallel to the rectum, and the two are in elose 
eontaet posteriorly. Anteriorly, the urethra travels along the superior wall of 
the vagina as it travels from the urinary bladder to its opening into the vesti- 
bule, a spaee bordered by the external genitalia ( gures 27.10, p. 720, and 
27.11a, p. 722). 

The vaginal branehes of the internal iliae arteries are the primary 
blood supply of the vagina. However, in some women, these vessels braneh 
from the uterine arteries. Venous drainage is by the vaginal vein. Innerva- 
tion is from the hypogastrie plexus, saeral nerves S 2 -S 4 , and branehes of the 
pudendal nerve. 

The vagina has three major functions: 

o It serves as a passageway to eliminate menstmal fluids. 

o It reeeives the penis during sexual intercourse and holds sperm before they 

pass into the uterus. 

o In ehildbirth, it forms the lower portion of the birth eanal through which 

the fetus passes during delivery. 

The walls of the vagina are moistened by the seeretions of the eervi- 
eal glands and by the movement of water aeross the permeable epithelium. 
The muscular layer and the outer adventitial layer eontain an extensive net- 
work of blood vessels and lymphaties igures 27.15a and 7.19'. The 
vagina and vestibule are separated by an elastie epithelial fold, the hymen 
(Hl-men), which may partially or eompletely bloek the entranee to the 
vagina. The two bulbospongiosus muscles pass on either side of the vaginal 
orifiee, and their eontraetions eonstriet the entranee. These muscles eover 
the bulb of vestibule, a mass of ereetile tissue on eaeh side of the vaginal 
entranee (Fi ure 27.20b). 

During development, the bulbs of the vestibule derive from the same 
embryonie tissues as the corpus spongiosum of the male (see the Embryology 
Summary in ehapter 28). The bulbs of the vestibule and corpus spongiosum 
are ealled homologous (ho-MOL-ò-gus; homo, same, + logos, relation) because 
they are similar in structure and origin; however, homologous structures ean 
have very different functions. 

The vagina eontains a normal population of resident baeteria, and their 
growth is supported by the nutrients found in the eervieal mucus. The met- 
abolie aetivity of these baeteria ereates an aeid environment, which restriets 
the growth of many pathogenie organisms. An aeid environment also inhibits 
sperm motility, and for this reason the buffers eontained in seminal fluid are 
important for successful fertilization. 



Histology of the Vagina 

The vaginal lumen is lined by a rmieosal stratified squamous epithelium 
gure 27.19] that, in the relaxed state, forms folds ealled rugae igures 
27.15a and 27.19). The underlying lamina propria is thiek and elastie, and 
it eontains small blood vessels, nerves, and lymph nodes. The vaginal mucosa 
is surrounded by an inner circular layer and an outer longitudinal layer of 
smooth muscle. Adjaeent to the uterus, the vagina has a serosal eovering 
continuous with the pelvie peritoneum. The rest of the vagina is eovered by 
a highly elastie adventitia that blends in with the eonneetive tissue of the 
surrounding structures. 


The vulva (VUL-va), or pudendum (pu-DEN-dum), is the region enelos- 
ing the female external genitalia gure 27.20a). The vagina opens into 
the vestibule, a eentral spaee bounded by the labia minora (LÀ-bé-a ml- 
NOR-a; singular, labium minus). Smooth, hairless skin eovers the labia minora. 
The urethra opens into the vestibule just anterior to the vaginal entranee. The 
urethral glands diseharge into the urethra near the external urethral orifiee. 
Anterior to the external urethral orifiee, the elitoris (KLIT-ò-ris) projeets into 
the vestibule. Internally, the elitoris eontains ereetile tissue homologous with 
the eorpora eavernosa in males (see the Embryology Summary in ehapter 28). 
The elitoris engorges with blood during sexual arousal. A small ereetile glans 
sits atop the organ, and extensions of the labia minora eneirele the body of the 
elitoris, forming its prepuce. 

A variable number of small lesser vestibular glands diseharge their seere- 
tions onto the exposed surface of the vestibule, keeping it moistened. During 
arousal, a pair of ducts diseharge the seeretions of the greater vestibular 
glands into the vestibule near the posterolateral margins of the vaginal 
entranee igure 27.1 Oa . These mucous glands resemble the bulbo-urethral 
glands of the male. 

The anterior limit of the vulva is the mons pubis; the lateral limits are the 
labia majora. Adipose tissue beneath the skin anterior to the pubic symphysis 
forms the prominent bulge of the mons pubis. Adipose tissue also accumu- 
lates within the labia majora (singular, \abium majus ), which are homologous 
to the scrotum of males. The labia majora eneirele and partially eoneeal the 
labia minora and vestibular structures. The outer margins of the labia majora 
are eovered with the same eoarse hair that eovers the mons pubis, but the inner 
surfaces are relatively hairless. Sebaceous glands and seattered apoerine sweat 
glands seerete onto the inner surface of the labia majora, moistening and lubri- 
eating them. 


E M BRYOLOG Y SLIMMARY 

For a summary of the development of the female reproductive system, see 
Chapter 28 (Embryology and Human Development). 

The Breasts 

► KEY POINT Mammary glands—speeialized aeeessory glands—are apoerine 
glands that produce milkto nourish a newborn infant. 

At birth, the newborn infant eannot fend for itself, and several key systems 
have yet to eomplete development. Over the initial period of adjustment follow- 
ing birth, the infant gains nourishment from the milk seereted by the maternal 
mammary gland in eaeh breast. Milk production, or laetation (lak-TÀ-shun), 
occurs in the mammary glands of the breasts, speeialized aeeessory organs of 
the female reproductive system. 

The breasts lie on either side of the ehest in the subcutaneous tissue of 
the peetoral fat pad deep to the skin gure 27.21 a,b). Eaeh breast bears a 
small eonieal projeetion, the nipple. Here the ducts of the underlying mam- 
mary glands open onto the body surface. The region of reddish-brown skin sur- 
rounding eaeh nipple is the areola (a-RÈ-ò-la). The presenee of large sebaceous 
glands in the underlying dermis gives the areolar surface a granular texture. 

The apoerine glandular tissue of the breast eonsists of a number of sepa- 
rate lobes, eaeh eontaining several seeretory lobules Figure 27.21 a] . Ducts 
leaving the lobules eonverge, giving rise to a single lactiferous (lak-TIF-e-rus) 
duct in eaeh lobe gure 27.21 a,c,d . Near the nipple, that lactiferous duct 
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Figure 27.19 Histology of the Vaginal Wall 
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Figure 27.20 The Female External Genitalia 
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Figure 27.21 The Mammary Glands 
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expands, forming an expanded ehamber ealled a lactiferous sinus. Fifteen to 
twenty lactiferous sinuses typieally open onto the surface of eaeh nipple. Dense 
eonneetive tissue surrounds the duct system and forms partitions that extend 
between the lobes and lobules. These bands of eonneetive tissue, known as the 
suspensory ligaments of the breast, originate in the dermis of the overlying 
skin. A layer of loose eonneetive tissue separates the mammary complex from 
the underlying peetoralis muscles. Branehes of the internal thoraeie artery sup- 
ply blood to eaeh mammary gland. (Chapter 23 detailed the lymphatie drain- 
age of the mammary gland.) t) pp. 613-614 


Development of the Mammary Glands Duríng 
Pregnaney 

Figure 27.21 c,d eompares the histologieal organization of resting and aetive 
mammary glands. The resting mammary gland is dominated by a duct sys- 
tem, rather than by aetive glandular eells. The size of the breast in a nonpreg- 
nant woman refleets the amount of adipose tissue in the breast rather than 
the amount of glandular tissue. The seeretory apparatus does not develop until 
pregnaney occurs. 
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Breast Cancer 


1 One in eight Ameriean women wi11 develop breast eaneer 
^ at some time in her lifetime. Only 10 pereent of breast eaneers 
are due to inherited gene motations, but if a woman has a BRCA1 
or BRCA2 gene motation, her lifetime risk of breast eaneer rises 
signifieantly. Although rare 7 breast eaneer ean also affliet men. 

Nobody knows what causes breast eaneer, but maintaining a 
healthy weight, remaining physieally aetive, and limiting aleohol 
intake ean help guard against it. Regular sereening exams, such as 
self-examination and mammography, are also important. 

Signs of breast eaneer include the following: 

A breast lump or thiekening that feels different from surround- 
ing tissue 

■ Bloody diseharge from the nipple 

A ehange in the size, shape, or appearanee of a breast 

ehanges to the skin over the breast f such as dimpling, redness, 
flaking, or pitting (like the skin of an orange) 

■ A newly inverted nipple 


Annual mammograms are reeommended for women begin- 
ning in their mid-40s and continuing as long as a woman is in good 
health. 

Most breast eaneers begin in the lactiferous ducts (ductal 
eareinoma). Some start in the lobules (lobular eareinoma). Even 
though breasts eome in different sizes, they have approximately the 
same number of ducts and lobules, with adipose tissue causing the 
differenees in size. 

Breast eaneers are staged aeeording to the size of the tumor, 
evidenee of tumor spread to loeal lymph nodes, and evidenee of dis- 
tant metastases. Breast eaneer spreads through the lymphatie 
system, so lymph nodes that drain the breast tissue are sampled 
to look for tumor eells. Breast tumors are graded based on how 
quiekly they are likely to grow and spread. Additional tests look 
for proteins, known as reeeptors, in or on tumor eells that ean 
attaeh to hormones. If the eaneer eells are estrogen or progesterone 
reeeptor positive, they may respond to hormone therapy drugs. 
Researehers are now looking at gene patterns of breast tumors. 

All of these studies help direet treatment and determine prognosis. 



Further mammary gland development requires a eombination of hormones 
from the anterior lobe of the pituitary gland, including prolaetin (PRL) and 
growth hormone (GH), and human plaeental laetogen (LAK-tò-jen) (HPL) 
from the plaeenta. tD pp. 508-51; Under stimulation by these hormones, ducts 
of the mammary gland beeome mitotieally aetive, and gland eells appear. By the 
end of the sixth month of pregnaney, the mammary glands are fully developed 
and begin producing seeretions that are stored in the duct system. Milk is released 
when the infant begins to suck on the nipple. This stimulation causes the posterior 
lobe of the pituitary gland to release oxytocin. Oxytocin triggers the eontraetion of 
smooth muscles in the walls of the lactiferous ducts and sinuses, ejeeting milk. 



CONCEPT CHECK 

7 What are the functions of the follicular eells? 

8 Hovv could searring of the uterine tubes cause 
infertility? 

9 During the proliferative phase of the uterine eyele, 
vvhat aetivities occur in the ovarian eyele? 

10 Would bloekage of a single lactiferous sinus interfere 
vvith delivery of milk to the nipple? Explain. 

11 What hormones stimulate laetation? 


See the blue Ansvvers tab at the baek of the book. 


it, the ovarian and menstmal eyeles gradually beeome irregular. Premature 
menopause occurs before age 40. A shortage of primordial follieles is the 
underlying cause of premature menopause. 

Menopause is aeeompanied by a rapid and sustained rise in the produc- 
tion of GnRH, FSH, and LH, while circulating eoneentrations of estrogen and 
progesterone deeline. The deeline in estrogen levels (1) reduces the size of the 
uterus, (2) reduces the size of the breasts, (3) thins the urethral and vaginal 
walls, and (4) weakens the eonneetive tissue supporting the ovaries, uterus, 
and vagina. Reduced estrogen eoneentrations have also been linked to osteopo- 
rosis (brittle bones) and a variety of cardiovascular and neural effeets, includ- 
ing “hot flashes,” anxiety, and depression. 

The Male Climacteric 

Changes in the male reproductive system occur more gradually, over a period 
known as the male elimaeterie (klT-MAK-ter-ik). Circulating testosterone lev- 
els begin to deeline between ages 50 and 60, coupled with inereases in circu- 
lating levels of FSH and LH. Although sperm production continues (men ean 
father ehildren well into their 80s), there is a gradual reduction in sexual aetiv- 
ity in older men, which may be linked to deelining testosterone levels. Some 
elinieians suggest testosterone replaeement therapy to enhanee libido (sexual 
drive) in older men and women. 


27.4 Aging and the Reprodiietive System 

► KEY POINT The most striking age-related ehanges in the female reprodiietive 
system occur at menopause, while ehanges in the male reproductive system occur 
more gradually and over a longer period of time. 

Menopause 

Menopause is usually defined as the time when ovulation and menstmation 
eease. Menopause typieally occurs at age 45-55, but in the years preeeding 


27.4 



CONCEPT CHECK 

12 A prolapsed uterus is a eondition in vvhieh the 
position of the uterus ehanges, moving to a more 
inferior position vvithin the pelvie eavity. Such a 
eondition is more eommon in vvomen vvho have 
undergone menopause. Why? 

13 Why would some physieians reeommend testosterone 
replaeement therapy for males age 60 or older? 


See the blue Ansvvers tab at the baek of the book. 
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Study Outline 


lntroduction p. 708 

■ The hiiman reproductive system produces # stores # nourishes # and 
transports functional gametes (reproductive eells). Fertilization 
is the fusion of a sperm from the male and an immature ooeyte 
from the female to form a zygote (fertilized egg). 

27.1 Organization of the Reproductive 

System p. 708 

■ The reproductive system includes gonads, ducts # aeeessory glands 
and organs # and the external genitalia. 

■ In the male # the testes (gonads) produce sperm # which are 
expelled from the body in semen during ejaculation. The ovaries 
(gonads) of a sexually mature female produce an egg that travels 
along uterine tubes to reaeh the uterus. The vagina eonneets 
the uterus with the exterior. 

27.2 Anatomy of the Male Reproductive 

System p. 708 

■ The sperm travel along the epididymis, the ductus deferens, 
the ejaculatory duct, and the urethra before leaving the body. 
Aeeessory organs (notably the seminal glands, prostate, and 
bulbo-urethral glands) seerete into the ejaculatory ducts and 
urethra. The scrotum eneloses the testes # and the penis is an 
ereetile organ. (See Figures 27.1-27.9.) 

The Testes p. 708 

■ The testes hang within the scrotum # and eaeh measures about 2 in. 
long and 1 in. in diameter. 


■ The spermatogonia produce primary spermatoeytes, diploid 

eells ready to undergo meiosis. Four spermatids are produced 
for every primary spermatoeyte. The spermatids remain 
embedded within nurse eells while they mature into a sperm, 
a proeess ealled spermiogenesis. The nurse eells function to 
maintain the blood testis barrier, support spermatogenesis # 
support spermiogenesis # seerete inhibin, and seerete androgen- 
binding protein. 

Anatomy of a Sperm p. 714 

■ Eaeh sperm has a head, neek, middle pieee, and tail. The tip 
of the head eontains the aerosome. The tail eonsists of a single 
flagellum. Laeking most intracellular structures # the sperm must 
absorb nutrients from the environment. fSee Figure 27.6.) 

The Male Reproductive Traet p. 714 

■ After detaehing from the nurse cells # the sperm are earried along 
fluid currents into the epididymis, which lies along the posterior 
border of the testis. It is subdivided into a head # body # and tail. 

The epididymis monitors and adjusts the eomposition of the fluid 
produced by the seminiferous tubules # aets as a reeyeling eenter for 
damaged sperm # and stores sperm and faeilitates their functional 
maturation (a proeess ealled eapaeitation). (See Figures 27.1, 27.3, 
27.4, and 27.7.) 

m The ductus deferens (vas deferens) begins at the epididymis 
and passes through the inguinal eanal as one eomponent of the 
spermatie eord. Near the prostate # it enlarges to form the ampulla. 
The junction of the base of the seminal gland and the ampulla 
ereates the ejaculatory duct, which empties into the urethra. The 
ductus deferens functions to transport and store spermatozoa. (See 
Figures 27.1, 27.7, and 27.8.) 


■ The deseent of the testes through the inguinal eanals occurs 
during development. Before this time # the testes are held in plaee 
by the gubernaculum testis. During the seventh developmental 
month # differential growth and eontraetion of the gubernaculum 
testis cause the testes to deseend. fSee Figure 27.2.) 

m Layers of fascia # eonneetive tissue # and rrmsele eolleetively form a 
sheath # the spermatie cord # which eneloses the ductus deferens # 
the testicular artery and vein # the pampiniform plexus, and the 
ilio-inguinal and genitofemoral nerves. (See Figure 27.3.) 

The testes remain eonneeted to the abdominal eavity through the 
spermatie eords. The raphe of scrotum marks the boundary 
between the two ehambers in the scrotum. Eaeh testis lies in its 
own serotal eavity. (See Figures 27.1-27.4.) 



Contraction of the dartos muscle gives the scrotum a wrinkled 
appearanee; the eremaster rrmsele pulls the testes eloser to the 
body. The tunica vaginalis is a serous membrane that eovers 
the tunica albuginea, the fibrous capsule that surrounds 
eaeh testis. Septa extend from the tunica albuginea to the 
mediastinum # ereating a series of lobules. Seminiferous 
tubules within eaeh lobule are the sites of sperm production. 
From there # sperm pass through a straight tubule to the 
rete testis. Efferent ductules eonneet the rete testis to the 
epididymis. Between the seminiferous tubules # interstitial 
endoerine eells seerete male sex hormones # androgens. 
Seminiferous tubules eontain spermatogonia, stem eells 
involved in spermatogenesis (the production of sperm). 

(See Figures 27.1-27.5 and 27.7.) 


m The urethra extends from the urinary bladder to the tip of the 
penis. It ean be divided into three regions: the prostatie urethra # 
membranous urethra (also termed the intermediate part of 
urethra), and spongy urethra. (5ee Figures 27.1 and 27.9.) 

The Aeeessory Glands p. 716 

■ The aeeessory glands function to aetivate and provide nutrients to 
the spermatozoa and to produce buffers to neutralize the aeidity 
of the urethra and vagina. 

■ Eaeh seminal gland (seminal vesiele) is an aetive seeretory 
gland that contributes about 60 pereent of the volume of 
semen; its seeretions are high in fructose # which is easily used 
to produce ATP by sperm. The sperm beeome highly aetive after 
mixing with the seeretions of the seminal glands. fSee Figures 
27.1, 27.8, and 27.9.) 

m The prostate seeretes a weakly aeidie fluid (prostatie fluid) that 
accounts for 20-30 pereent of the volume of semen. These seeretions 
eontain an antibiotic # seminalplasmin, which may help prevent 
urinary traet infeetions in men. (5ee Figures 27.1, 27.8, and 27.9.) 

m Alkaline mucus seereted by the bulbo-urethral glands (Cowper's 
giands) has lubricating properties. (5ee Figures 27.1, 27.8, and 27.9.) 

Semen p. 719 

■ A typieal ejaculation releases 2-5 ml of semen (ejaculate), which 
eontains a sperm count of 20 to 100 million sperm per milliliter. 
The seminal fluid is a speeifie mixture of seeretions of the 
aeeessory glands and eontains important enzymes. 
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The Penis p. 719 

■ The penis ean be divided into a root # body (shaft) # and glans. 

The skin overlying the penis resembles that of the scrotum. The 
foreskin (prepuce) surrounds the tip of the penis. Preputial 
glands on the inner surface of the prepuce seerete smegma. 

Most of the body of the penis eonsists of three masses of ereetile 
tissue. Beneath the superficial fascia # there are two eorpora 
eavernosa and a single corpus spongiosum that surrounds 
the urethra. When the smooth rrmseles in the arterial walls relax # 
the ereetile tissue beeomes engorged with blood # producing an 
ereetion. ("See Figures 27.1 and 27.9.) 

27.3 Anatomy of the Female Reproductive 

System p. 719 

■ Prineipal structures of the female reproductive system include the 

ovaries, uterine tubes, uterus, vagina, and external genitalia. 
fSee Figures 27.10-27.21.) 

m The ovaries # uterine tubes # and uterus are enelosed within the broad 
ligament (an extensive mesentery). The mesovarium supports and 
stabilizes eaeh ovary. (See Figures 27.10, 27.11, and 27.15.) 

The Ovaries p. 721 

■ The ovaries are held in position by the ovarian ligaments and 
the suspensory ligaments. The ovarian artery and vein enter 
the ovary at the ovarian hilum. Eaeh ovary is eovered by a tunica 
albuginea. (See Figures 27.10, 27.11, and 27.15.) 

m Oogenesis (gamete production) occurs monthly in ovarian 
follieles as part of the ovarian eyele. As primordial ovarian 
follieles develop into primary ovarian follieles, theeal 
endoerine and granulosa eells surrounding the ooeyte 
release estrogens # most importantly estradiol. FolIicular 
fluid encourages rapid growth during the formation of only 
a few seeondary ovarian follieles. Finally, one tertiary 
(vesicular) folliele develops. The primary ooeyte undergoes 
meiotie division # producing a seeondary ooeyte. At ovulation, 
a seeondary ooeyte surrounded by follicular eells (the eorona 
radiata) is released through the ruptured ovarian wall. fSee 
Figures 27.12 and 27.13.) 

m The follicular eells remaining within the ovary form the corpus 
luteum, which produces progestins # mainly progesterone. If 
pregnaney does not occur # it degenerates into a corpus albieans 
of sear tissue. (See Figure 27.12.) 

m The deeline in progesterone and estrogen triggers the seeretion of 
GnRH, which in turn triggers a rise in FSH and LH production # and 
the entire eyele begins again. (See Figure 27.18.) 

The Uterine Tubes p. 724 

■ Eaeh uterine tube has an expanded funnel # the infundibulum # 
with fimbriae (projeetions); an ampulla; an isthmus; and a 
uterine part that opens into the uterine eavity. (See Figures 27.10, 
27.11, 27.14, and 27.15.) 

m The uterine tube is lined with eiliated and noneiliated simple 
columnar epithelial cells # which aid in the transport of materials. 
For fertiIization to occur # the ooeyte must encounter sperm 
during the first 12-24 hours of its passage from the infundibulum 
to the uterus. 


The Uterus p. 725 

The uterus provides meehanieal proteetion and nutritional support 
to the developing embryo. Normally # the uterus bends anteriorly 
near its base (anteflexion). It is stabilized by the broad ligament, 
uterosacral ligaments, round ligaments, and the eardinal 
ligaments. (See Figures 27.10, 27.11, and 27.15.) 

m The divisions of the uterus include the body (the largest portion) # 
fundus # isthrrms, cervix # external os, uterine eavity, eervieal 
eanal, and internal os. The uterine wall ean be divided into an 
inner endometrium # a muscular myometrium, and a superficial 
perimetrium. (See Figures 27.15 and 27.16.) 

m The uterus reeeives blood from the uterine arteries, which then 
braneh and form extensive intereonneetions. 

A typieal 28-day uterine eyele ( menstrual eyele) begins with 
the menstmal phase and the destruction of the functional layer 
of the endometrium. This proeess of menstmation, or menses, 
continues from 1 to 7 days. (See Figures 27.17 and 27.18.) 

Afterthe menstrual phase # the proliferative phase begins and 
the functional layer undergoes repair and thiekens. During the 
seeretory phase of the uterine cycle # the endometrial glands 
enlarge and aeeelerate their rate of seeretion. Menstrual aetivity 
begins at menarehe (first uterine eyele) and continues until 
menopause. (See Figures 27.17 and 27.18.) 

The Vagina p. 730 

■ The vagina is an elastic # muscular tube extending between the 
uterus and external genitalia. The vagina serves as a passageway 
for menstrual fluids # reeeives the penis during sexual intercourse # 
and forms the lower portion of the birth eanal. A thin epithelial 
fold # the hymen # partially bloeks the entranee to the vagina. The 
vagina is lined by a stratified squamous epithelium which # when 
relaxed # forms rugae (folds). (5ee Figures 27.10, 27.11, 27.15, and 
27.19.) 

The External Genitalia p. 730 

■ The structures of the vulva (pudendum) include the vestibule, 
labia minora, elitoris, prepuce, and labia majora. The lesser 
and greater vestibular glands keep the area moistened in and 
around the vestibule. The fatty mons pubis ereates the outer limit 
of the vulva. (See Figures 27.10 and 27.20.) 

The Breasts p. 730 

■ The mammary glands lie in the subcutaneous layer beneath the 
skin of the ehest and are the site of milk production # or laetation. 
The glandular tissue of the breast eonsists of seeretory lobules. 
Ducts leaving the lobules eonverge into a single lactiferous duct 
and expand near the nipple # forming a lactiferous sinus. The 
ducts of underlying mammary glands open onto the body surface 
at the nipple. (See Figure 27.21.) 

m Branehes of the internal thoraeie artery supply blood to eaeh 
breast. 

Mammary glands develop during pregnaney under the influence 
of prolaetin (PRL) and growth hormone (GH) from the anterior 
pituitary # as well as human plaeental laetogen (HPL) from the 
plaeenta. 
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Aging and the Reproductive System p. 733 

Menopause p. 733 

■ Menopause (the time when ovulation and menstruation eease) 
typieally occurs around age 50. Premature menopause occurs 
before age 40. Production of GnRH # FSH # and LH rises # while 
circulating eoneentrations of estrogen and progestins deeline. 


The Male Climacteric p. 733 

■ The male elimaeterie, which occurs between ages 50 and 60 # 
involves a deeline in circulating testosterone levels and a rise in FSH 
and LH levels. 




ehapter Review 


For answers, see the blue Answers tab at the baek of the book. 


Level 1 Reviewing Faets and Terms 


Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. interstitial endoerine eells 

2. inguinal eanals . . 

3. mammary glands. . 

4. endometrium. . 

5. dartos. . 

6. serotal eavity. L_ 

7. spermatogonia. L_ 

8. estradiol. . 

9. ampulla. L_ 

10. sperm tail. . 

(a) link from serotal ehamber to peritoneal 
eavity 

(b) stem eells that produce sperm 

(e) eompartment of the scrotum eontaining 
a testis 

(d) site of laetation 

(e) flagellum 

(f) inner layer of the uterine wall 

(g) enlarged portion of the uterine tube 

(h) important estrogen hormone 

(i) responsible for the production of 
androgens 

(j) layer of smooth muscle deep to the 
dermis of the scrotum 

11. Identify the prineipal structures of the male 
reproductive system in the diagram below. 



12. The reproductive system includes 

(a) gonads and external genitalia. 

(b) ducts that reeeive and transport the 
gametes. 

(e) aeeessory glands and organs that seerete 
fluids. 

(d) all of the above. 

13. Aeeessory organs of the male reproductive 
system include all of the following except 

(a) seminal glands. 

(b) scrotum. 

(e) bulbo-urethral glands. 

(d) prostate. 

14. Sperm production occurs in the 

(a) ductus deferens. 

(b) seminiferous tubules. 

(e) epididymis. 

(d) seminal glands. 

15. The structure that enters the urethra is the 

(a) ductus deferens. 

(b) epididymis. 

(e) seminal gland. 

(d) ejaculatory duct. 

16. The mediastinum of the testis 

(a) is ventrally loeated. 

(b) supports the blood and lymphatie vessels 
supplying the testis. 

(e) separates the left and right testis. 

(d) forms part of the external testicular capsule. 

17. The structure that transports the ovum to 
the uterus is the 

(a) uterosacral ligament. 

(b) vagina. 

(e) uterinetube. 

(d) infundibulum. 

18. Which of the following is not a supporting 
ligament of the uterus? 

(a) suspensory 

(b) eardinal 

(e) round 

(d) broad 

19. During the proliferative phase of the 
menstrual cycle # 

(a) ovulation occurs. 

(b) a new functional layer is formed in the 
uterus. 

(e) seeretory glands and blood vessels 
develop in the endometrium. 

(d) the old functional layer is shed. 


20. The vagina is 

(a) a eentral spaee surrounded by the labia 
minora. 

(b) the inner lining of the uterus. 

(e) the inferior portion of the uterus. 

(d) a musculartube extending between the 
uterus and the external genitalia. 

21. Identify the main structures of the female 
reproductive system in the diagram below. 



(a) 

(b) 

(d) 

(e) 

(q) 

(h) 

(i) 

(k) 

(m) 


(e) 

(f) 
(i) 
(I) 
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Level 2 Revievving Concepts 

1. How wi11 penile function be altered if the 
blood supply to the eorpora eavernosa is 
impaired? 

(a) The ereet penis will be unable to beeome 
flaeeid. 

(b) Ereetion will not occur. 

(e) Ereetion will occur 7 but ejaculation 
will not. 

(d) The urethra wi11 be occluded. 

2. What will happen to the function of the male 
reproductive traet if the testes fail to deseend? 

(a) The testicular blood supply will not be 
adequate. 

(b) The spermatie eord wi11 herniate through 
the inguinal eanal. 

(e) Excess amounts of male sex hormones 
will be seereted in the abdominal eavity. 

(d) No viable sperm will be produced. 

3. In some eases, a tumor of the breast ean be 
deteeted by notieing a dimple in the skin 
over the area. Which breast structures are 
responsible for this phenomenon? 

(a) the tumor 7 in that it stimulates eontraetion 
of the smooth muscles of the skin 

(b) no breast structures; only the peetoralis 
major and peetoralis minor 


(e) the breast lymph nodes, which the tumor 
causes to eontraet 

(d) the suspensory ligaments of the breast, 
which are eonneeted to the tumor 

4. Which region of the sperm eell eontains 
ehromosomes? 

5. What is the function of the aerosome? 

6. Where is seminalplasmin produced # and 
what is its function? 


2. In a eondition known as endometriosis, 
endometrial eells proliferate within a 
uterine tube or within the peritoneal 
eavity. A major symptom of endometriosis is 
intermittent pain. Why does this occur? 

3. Women are much more susceptible than 
men to both peritonitis and urinary traet 
infeetions as a result of sexual aetivity. 
Explain why # in terms of the differenees 
between male and female anatomy. 


7. How does folIicular fluid benefit the 
development of a folliele? 

8. Menstruation results in the loss of which 
layer of the endometrium? 

9. When does deseent of the testes normally 
begin? 

Level 3 Critical Thinking 

1. Jerry is in an automobile aeeident that severs 
his spinal eord at the L 3 level. After his 
reeovery, he wonders if he wi11 still be 
able to have an ereetion. What should 
you tell him? 


MasteringA&P’ 

Aeeess more ehapter study tools online 
in the Study Area: 

■ ehapter Quizzes # ehapter Praetiee 
Test # eiinieal Cases # and more! 


■ Praetiee Anatomy Lab (PAL) PAL 


■ A&P Flix for anatomy 
topies 


A&PFUx 





CLlNICAL CASE | WRAP-UP 

L___ I _ J. 


A Serious Game of Twister 


Liam is suffering from acute testicular torsion. His right testis 
has twisted on its spermatie eord. This is squeezing off the blood 
supply # including the inflowing testicular artery and the outgoing 
pampiniform plexus of the testicular vein. The torsion has also twisted 
the iIio-inguinaI and genitofemoral nerves. 

Most males who experience testicular torsion have an inherited 
trait that allows the testiele to rotate freely inside the scrotum. Often 
torsion occurs during sleep # after testicular injury # or after vigorous 
aetivity, as in Liam's ease. 

The emergeney room physieian examines Liam and notes how 
tender his right testis is. It is visibly higher than his left testis and now 
is swollen. The physieian also notes that the epididymis is loeated 
anteromedially # near the serotal raphe # instead of its normal posterior 
loeation. Liam's eremasterie reflex is intaet on the left # but not on the 
right—when his right inner thigh is stroked # the right testis does not 
retraet toward his inguinal eanal. The eremaster muscle is no longer 
working. 

The physieian uses bedside ultrasonography # an imaging technique 
using high-frequency sound waves # and determines that there is no 
blood supply to Liam's right testiele. 

The consulting urologist quickly arrives. "Sorry about ruining your 
post-game night # Liam. But our best ehanee of saving your testis is to 
head straight to the operating room and untwist it." 

1. What other structure in Liam's right spermatie eord is being twisted 

with this testicular torsion? 




2. Epididymitis is a painful inflammation of the epididymis that ean mimie 
the signs and symptoms of testicular torsion. Would Liam's eremasterie 
reflex be intaet if he were suffering from epididymitis? Explain. 

5ee the blue Ansvvers tab at the baek of the book. 
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Related Ginieal Terms 


amenorrhea:: Menstruation not starting 
before the age of 16 or the stopping of 
menstruation for 6 months or more during 
the female reproductive age. 

eervieal dysplasia: Abnormal growth of 
epithelial eells in the uterine cervix; may 
progress to eaneer. 

endometriosis: The growth of endometrial 
tissue outside the uterus. 

genital herpes: A sexually transmitted disease 
caused by a herpes virus and eharaeterized 
by painful blisters in the genital area. 

gonorrhea: A sexually transmitted baeterial 
disease caused by Neisseria gonorrhoeae. 
Commonly ealled "the elap." 

gyneeology: The braneh of medieine that 
deals with the functions and diseases 
speeifie to women and girls affeeting the 
reproductive system. 

gyneeomastia: Development of breast tissue 
in the male; a consequence of adrenal 
cortex hyperseeretion of estrogens, eertain 
drugs (eimetidine, spironolaetone, and 
some chemotherapeutic agents), and 
marijuana use. 


hydroeele: The accumulation of serous fluid 
in any body sae, but espeeially in the tunica 
vaginalis of the testis or along the spermatie 
eord. 

menorrhagia: The eondition of experiencing 
extremely heavy bleeding at menstruation. 

oophoreetomy: The surgical removal of one 
or both ovaries. 

oophoritis: Inflammation of the ovaries. 

orehitis: Inflammation of thetestis. 

polyeystie ovary syndrome (PCOS): Most 
eommon endoerinopathy in women and most 
eommon cause of anovulatory infertility. 

premature ejaculation: A eommon eomplaint 
of ejaculating semen sooner than the man 
desires while aehieving orgasm during 
intercourse. An estimated 30 pereent of 
men regularly experience the problem. 

premenstmal dysphorie disorder 
(PMDD): A eolleetion of physieal and 
emotional symptoms that occurs 5 to 11 
days before a woman's period begins, 
and goes away onee menstmation starts. 
Over 150 signs and symptoms have been 
assoeiated with the eondition. 
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premenstmal syndrome: Aeondition 
occurring in the last half of the menstmal 
eyele after ovulation that is a eombination 
of physieal and mood disturbances that 
normally end with the onset of the 
menstrual flow. 

pseudohermaphrodites: lndividuals with 
external genitalia that do not "mateh" their 
gonads. 

salpingitis: Inflammation of a uterinetube. 

uterine prolapse: Condition that occurs 
when a woman's pelvie floor rrmseles and 
ligaments streteh and weaken and provide 
inadequate support for the uterus, which 
then deseends into the vaginal eanal. 

vaseetomy: The surgical removal of a segment 
of eaeh ductus (vas) deferens, making it 
impossible for sperm to reaeh the distal 
portions of the male reproductive traet. 

vulvovaginal eandidiasis: A eommon female 
vaginal infeetion caused by the yeast 
Candida, usually Candida albieans. 
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These Learning Oirteomes eorrespond by number to 
this ehapter's seetions and indieate what you should 
be able to do after eompleting the ehapter. 



28.2 



28.3 


28.4 


28.5 


28.6 


List the varioiis periods of development. p. 740 

Deseribe the proeess of fertilization. p. 740 

Compare and eontrast the three trimesters of 
gestation. p. 742 

Outline the stages of labor and the events 
occurring immediately before and after 
delivery. p. 752 

Summarize the ehanges occurring during the 
transition from fetus to neonate. p. 755 

Summarize the anatomieal patterns seen in the 
embryo that persist in the nevvborn and earry 


The Least-Alike Twins 


Mayii and her twin # Ruchira # are in Twinsburg, Ohio for the Twins Days 
Festival, the largest annual eelebration of twins in the world. There are 
thousands of identieal twins in attendanee, and many fraternal twins as well. 
Mayu and Ruchira are amazed to see so many twins who not only look alike, 
but also move, sound, and even smile alike. 

As they walk through the festival grounds, Mayu and Ruchira notiee tents 
set up to recruit twins for everything from FBI faee-reeognition software 
development to fingerprint and handwriting analysis. The festival is a popular 
event for "nurture-versus-nature" researehers who are looking for twins to 
enlist in their studies. 

Another highlight of the festival is a eeremony that awards medals to twins 
in various eategories, including the oldest, the youngest, the most alike, and 
the least alike. This year, the least-alike medals are awarded to two girls, one 
who is Caucasian, and the other who is of Afriean deseent. 

What do you think is the story with 
To find out r turn to the dinieal Case Wrap-Up on p. 790. 




































DEVELOPMENT IS THE GRADUAL MODIFIOATION of anatomieal structures 
from eoneeption to maturity. The ehanges observed during development are 
truly remarkable. What begins as a single eell slightly larger than the period at 
the end of this sentenee beeomes a human body eontaining trillions of eells 
organized into tissues, organs, and organ systems. 

Differentiation is the formation of speeialized eell types during devel- 
opment. Differentiation occurs through seleetive ehanges in genetie aetivity. 
An understanding of human development enhanees our understanding of ana- 
tomieal structures. Our discussion focuses on highlights of the developmental 
proeess. At the end of this ehapter are Embryology Summaries that will help 
you visualize the development of speeifie body systems. 

28.1 An Overview of Development 

► KEY POINT The proeess of development begins at fertilization and ean be 
separated into two periods: prenatal and postnatal development. 

In the proeess of development, a human being forms in the womb for about 9 
months and grows to maturity in 15 to 20 years. The proeess of development is a 
continuum and ean be separated into two periods eharaeterized by speeifie ana- 
tomieal ehanges. Prenatal development begins at fertilization, or eoneeption, 
when the male gamete (sperm) and the female gamete (ooeyte) fuse, and eon- 
tinues to delivery. Embryology (em-bré-OL-ò-jé) is the study of the develop- 
mental events occurring during prenatal development. Postnatal development 
begins at birth and continues to matiirity, the state of full development or 
eompleted growth. 

The period of prenatal development is often subdivided further. Pre- 
embryonie development involves the proeesses that occur in the first 2 weeks 
after fertilization, producing a pre-embryo that implants within the uterine lining. 

Pre-embryonie development is followed by embryonie development, 
which includes the events during the third through eighth weeks. The devel- 
opment of the fetus, or fetal development, begins at the start of the ninth 
developmental week and continues until birth. 



CONCEPT CHECK 

1 You and your wife have just found out that she is 
pregnant. How should you explain the differenee 
between prenatal development and postnatal 
development to the ehild's future grandparents? 


See the blue Ansvvers tab at the baek of the book. 


28.2 Fertilization 

► KEY POINT Fertilization involves the union of two haploid gametes, which 
produces one diploid zygote. Normally, fertilization occurs at the junction be- 
tween the ampulla and isthmus of the uterine tube. 



Fertilization involves the fusion of two haploid gametes, eaeh eontaining 
23 ehromosomes. This proeess produces a zygote that eontains 46 ehromosomes, 
the normal diploid number in a human somatie eell. The functional roles and 
contributions of the male and female gametes are very different. The sperm 
delivers the paternal (father’s) ehromosomes to the site of fertilization. How- 
ever, the female ooeyte provides all the nourishment and genetie programming 
needed to support embryonie development for nearly a week after eoneeption. 
For this reason, the volume of this gamete is much greater than that of the 
sperm. At fertilization, the diameter of the seeondary ooeyte is more than twice 
the entire length of the sperm igiire 28.1 a . 


Fertilization typieally takes plaee near the junction between the ampulla 
and isthmus of the uterine tube, usually within a day of ovulation. During 
this 24-hour period, the ooeyte travels only a few eentimeters, while the sperm 
travel from the vagina to the ampulla of the uterine tube. The sperm arriving in 
the vagina are already motile, but they must undergo eapaeitation within the 
female reproductive traet before they ean fertilize an ooeyte. to p. 716 

It typieally takes 30 minutes to 2 hours for sperm to travel from the vagina 
to the fertilization site. Contractions of the uterine musculature and cur- 
rents produced by the eilia within the uterine tubes may help the sperm travel 
from the vagina to the fertilization site. It is still not an easy passage. Of the 
200 million sperm introduced into the vagina from a typieal ejaculate, only around 
10,000 enter the uterine tube, and fewer than 100 reaeh the isthmus. A male with 
a sperm count below 20 million per milliliter is functionally sterile because too few 
sperm will survive to reaeh and fertilize the ooeyte. While it is true that only one 
sperm fertilizes an ooeyte, dozens of sperm are required for successful fertilization. 

The Ooeyte at Ovulation 

► KEY POINT Three faetors—at least—make the fertilization of an ovulated 
ooeyte more difficult. 

Fertilization of an ooeyte is eomplieated by at least three faetors Figure 

28.1b): 

o The ooeyte is surrounded by a layer of folliele eells, the eorona radiata. 

o Metabolie operations of the ooeyte have been discontinued. 

o The ooeyte leaving the folliele is in metaphase of the seeond meiotie division. 

The eorona radiata proteets the ooeyte as it passes through the ruptured fol- 
licular wall and into the infundibulum of the uterine tube. Before the physieal 
proeess of fertilization ean occur, a sperm must penetrate the eorona radiata. This 
is aided by the aerosome reaetion, which frees the enzymes eontained in the aero- 
some of eaeh sperm, including hyaluronidase (hT-uh-lu-RON-i-dàs). Hyaluro- 
nidase breaks down the bonds between adjaeent folliele eells. Dozens of sperm 
must release hyaluronidase before the eonneetions between the folliele eells of the 
eorona radiata break down enough to allow an intaet sperm to reaeh the ooeyte. 
When that sperm slips through the gap in the eorona radiata, it must have an 
intaet aerosome. The sperm then binds to sperm reeeptors in the zona pellucida. 
This binding triggers the rupture of the aerosome. When the sperm eontaets the 
ooeyte surface, their eell membranes fuse, and the sperm enters the ooplasm, the 
eytoplasm of the ooeyte. This membrane fusion initiates ooeyte aetivation, a series 
of ehanges in the metabolie aetivity of the ooeyte. The metabolie rate of the ooeyte 
rises suddenly, and immediate ehanges in the plasma membrane prevent fertil- 
ization by additional sperm. (If more than one sperm does penetrate the ooeyte 
membrane, an event ealled polyspermy, normal development eannot occur.) Per- 
haps the most dramatie ehange in the ooeyte is that it eompletes meiosis. 

Proniieleiis Formation and Amphimixis 

► KEY POINT After the ooeyte is aetivated and eompletes meiosis, the niielear 
material of the ooeyte and sperm reorganize, forming pronuclei that fuse to be- 
eome a zygote. 

Following ooeyte aetivation and the eompletion of meiosis, the nuclear mater- 
ial within the ovum reorganizes as the female pronucleus gure 28.1 h . 
At the same time, the nucleus of the sperm swells, beeoming the male 
pronucleus. The male pronucleus migrates toward the eenter of the eell, and 
the two pronuclei fuse in a proeess ealled amphimixis (am-fi-MIK-sis). The 
eell is now a zygote that eontains the normal diploid eomplement of 46 ehro- 
mosomes, and fertilization is eomplete. This is the "moment of eoneeption.” 
The first eleavage yields two daughter eells. The eell divisions of eleavage subdi- 
vide the eytoplasm of the zygote. 
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Figure 28.1 Fertilization and Preparation for Geavage 




A seeondary ooeyte surrounded by sperm 



CONCEPT CHECK 

2 Can sperm arriving in the vagina perform 
fertilization immediately? Explain. 

3 Why must large numbers of sperm reaeh the ooeyte 
to aeeomplish fertilization? 

4 As soon as the sperm enters the ooplasm, what 
happens to the ooeyte? 


See the blue Ansvvers tab at the baek of the book. 



Ooeyte at Ovulation 


Ovulation releases a seeondary ooeyte and 
the first polar body; both are surrounded by 
the eorona radiata.The ooeyte is suspended 
in metaphase of meiosis II. 


Oorona First polar 

radiata body 





Oytokinesis Begins 


The first eleavage division nears eompletion 
about 30 hours after fertilization. 



Fertilization and Ooeyte Aetivation 



Pronucleus Formation Begins 


Aerosomal enzymes from multiple sperm ereate 
gaps in the eorona radiata. A single sperm then 
makes eontaet with the ooeyte membrane, and 
membrane fusion occurs, triggering ooeyte 
aetivation and eompletion of meiosis. 
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The sperm is absorbed into the eytoplasm, 
and the female pronucleus develops. 
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Spindle Formation and 
deavage Preparation 


Metaphase of first 
eleavage division 


The male pronucleus develops, and spindle 
fibers appear in preparation for the first 
eleavage division. 
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28.3 Prenatal Development 

► KEY POINT Human prenatal development is divided into three trimesters, 

eaeh lasting 3 months. 

The time spent in prenatal development is known as gestation (jes-TÀ-shun). 
For eonvenienee, the gestation period is eonsidered as three integrated 
trimesters, eaeh lasting 3 months: 

■ The first trimester is the period of pre-embryonie, embryonie, and early 
fetal development. During this time, the beginnings of all the major organ 
systems appear. 

■ The seeond trimester is dominated by the development of fetal organs 
and organ systems. Body proportions ehange, and by the end of the seeond 
trimester the fetus looks distinetively human. 

■ The third trimester is eharaeterized by rapid fetal growth. Early in the 
third trimester most of the major organ systems beeome fully functional. 
An infant born 1 month or even 2 months prematurely has a reasonable 
ehanee of survival. 

The First Trimester 

► KEY POINT The first trimester is the most dangerous period in prenatal life. 

Four key proeesses occur during the first trimester: deavage, implantation, pla- 

eentation, and embryogenesis. 

By the end of the first trimester (12th developmental week), the fetus is almost 
75 mm (3 in.) long and weighs about 14 g (0.5 oz). Because of the complexity 
of the proeesses that occur during this time, only 40 pereent of eoneeptions 


produce embryos that survive the first trimester. For this reason, pregnant 
women are warned to avoid drugs, aleohol, and other dismptive stresses during 
their first trimester in the hopes of preventing an error in the developmental 
proeesses under way. 

Four general proeesses occur during the first trimester: eleavage, implanta- 
tion, plaeentation, and embryogenesis. 

o Cleavage (KLEV-ej) is a sequence of eell divisions beginning immediately after 
fertilization and ending when the zygote makes its first eontaet with the uterine 
wall. During this time the zygote beeomes a pre-embryo that develops into a 
multicellular complex known as a blastoeyst (BLAS-tò-sist). t) pp. 78-81 

o Implantation begins when the blastoeyst attaehes to the endometrium 
of the uterus and continues as the blastoeyst burrows into the uterine 
wall. A number of other important events take plaee as implantation pro- 
eeeds, and these events set the stage for the formation of vital embryonie 
structures. 

o Plaeentation (plas-en-TA-shun) is marked by the formation of blood ves- 
sels around the edges of the blastoeyst. This is the first step in the forma- 
tion of the plaeenta, the anatomieal structure linking the maternal and 
embryonie systems. The plaeenta provides respiratory and nutritional sup- 
port essential for further prenatal development. 

o Embryogenesis (em-bre-o-]EN-e-sis) is the formation of a viable embryo. 
This proeess establishes the foundations for all major organ systems. 

deavage and Blastoeyst Formation 

Cleavage is a series of eell divisions that subdivides the eytoplasm of the zygote, 
producing an ever-inereasing number of smaller and smaller daughter eells. 
The first eleavage produces a pre-embryo eonsisting of two identieal eells ealled 



CLINICAL NOTE 


Congenital MaSformations 

Congenital malformations, also knovvn as eongenital 
abnormalities or birth defeets, are structural or functional 
anomalies that occur during intra-uterine life and are present at 
birth. Some of the most eommon include eongenital heart disease, 
Dovvn syndrome, eleft lip and eleft palate, spina bifida, clubfoot 
deformity, and phenylketonuria, or PKU (vvhieh is eharaeterized by 
the absenee or defieieney of an enzyme that proeesses the essential 
amino aeid phenylalanine). 

Of the 2.75 million neonatal deaths that occur vvorldvvide every 
year, 10 pereent are due to eongenital malformations. Consanguinity 
(denoting that the biologieal parents are related by blood) inereases 
the prevalenee of rare genetie eonditions and nearly doubles the risk 
for neonatal death. Maternal infeetions, including rubella, syphilis, 
and Zika virus disease, ean cause eongenital malformations. Maternal 
nutritional status—particularly folate and iodine defieieney, obesity, 
and diabetes mellitus—is linked to some eongenital problems; for 
instanee, folate defieieney inereases the risk of neural tube defeets 
(spina bifida and aneneephaly). Environmental faetors, including 
maternal exposure to aleohol, tobaeeo, eertain preseription medi- 
eations, street drugs, and radiation during pregnaney, are also risk 
faetors. Advaneed maternal and paternal age inerease the risk of 
ehromosomal eonditions such as Dovvn syndrome (an extra 
ehromosome 21, or trisomy 21). 



VVorldvvide, 94 pereent of severe eongenital malformations occur 
in lovv- and middle-ineome countries. As many as half of all eoneeptions 
produce zygotes that do not survive the eleavage stage. At least 
10 pereent of fertilizations produce zygotes vvith abnormal ehromosomes. 
Most of these affeeted zygotes never eomplete development. Of those 
embryos that implant, roughly 20 pereent fail to eomplete 5 months of 
development, vvith an average survival time of 8 vveeks. This pregnaney 
failure is knovvn as a spontaneous abortion, or misearriage. Less than 
1 pereent of nevvborns shovv ehromosomal abnormalities that result 
from spontaneous rrmtations. 

Preeoneeption sereening ean identify people at risk for disorders 
that may be passed on to offspring. Other procedures, including amni- 
oeentesis (testing the amniotie fluid for abnormalities in fetal eells) and 
ehorionie villus sampling (testing a sample of ehorionie villi for fetal 
eells), ean be performed in the first or seeond trimester. Neonatal 
(nevvborn) sereening that looks for blood disorders, metabolism and 
hormone production defeets, eongenital deafness, and heart defeets 
ean faeilitate life-saving treatments. 

Because prenatal development involves so many complex, interde- 
pendent steps, malformations of some kind are statistieally inevitable. 

The most reasonable public health approaeh to eongenital malformations 
must include three essential elements: surveillance to traek birth defeets, 
researeh to identify causes, and prevention researeh and programs. 
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blastomeres (BLAS-tò-mérz). The first eleavage division is eompleted about 
30 hours after fertilization gure 28.2 . Subsequent divisions occur at inter- 
vals of 10-12 hours. During the initial eleavage divisions, all the blastomeres 
undergo mitosis simultaneously. As the number of blastomeres inereases, the 
time interval between divisions beeomes less predietable. 

After 3 days of eleavage, the pre-embryo is a solid ball of eells ealled 
the morala (MOR-u-la; “mulberry”). After 5 days of eleavage, the blasto- 
meres form a hollow ball, the blastoeyst, with an inner eavity known as the 
blastoeoele (BLAS-tò-sél). The blastomeres are now no longer identieal in size 
and shape. The outer layer of eells, separating the external environment from 
the blastoeoele, is the trophoblast (TRÓ-fò-blast; trophos, food, + blast, pre- 
cursor). These eells are responsible for providing food to the developing embryo. 
Trophoblast eells are the only eells of the pre-embryo that eontaet the uterine 
wall. In the blastoeyst, a seeond group of eells, the inner eell mass, lies clus- 
tered at one end. These eells are exposed to the blastoeoele on one side, but are 
insulated from eontaet with the outside environment by the trophoblast on the 
opposite side. The eells of the inner eell mass are the stem eells responsible for 
producing all the eells and eell types of the body. 

Implantation 

Immediately after fertilization, the zygote is 4 days away from the uterus. It 
arrives in the uterine eavity as a mornla, and blastoeyst formation occurs during 
the next 2 to 3 days. During this period the eells are absorbing nutrients from 
the fluid within the uterine eavity. The endometrial glands seerete this fluid, 
which is rieh in glyeogen. When fully formed, the blastoeyst eontaets the endo- 
metrium and implantation occurs, usually in the fundus or body of the uterus 
(Figure 28.3). 


Implantation begins as the surface of the blastoeyst elosest to the inner 
eell mass touches and adheres to the uterine lining (see Day 7, iure 28.3 ). 
The trophoblast eells at the point of eontaet divide rapidly, making the tro- 
phoblast several layers thiek. Near the endometrial wall, however, the plasma 
membranes separating the trophoblast eells disappear, ereating a layer 
of eytoplasm with multiple nuclei (Day 8). This outer layer is ealled the 
syneytiotrophoblast igure 28.3 . 

The syneytiotrophoblast erodes a path through the uterine epithelium by 
seereting hyaluronidase. This enzyme dissolves the proteoglyeans between adjaeent 
epithelial eells, just as hyaluronidase released by sperm dissolved the eonneetions 
between eells of the eorona radiata. At first, the erosion ereates a gap in the uter- 
ine lining, but maternal epithelial eells migrate and divide and soon repair the 
surface. Onee the blastoeyst has lost eontaet with the uterine eavity, its further 
development occurs entirely within the functional layer of the endometrium. 

As implantation proeeeds, the syneytiotrophoblast enlarges and spreads 
into the surrounding endometrium (Days 8 and 9, igure 28.« ). This proeess 
results in the dismption and enzymatie digestion of uterine glands. The nutri- 
ents released are absorbed by the syneytiotrophoblast and distributed by diffusion 
aeross the underlying eytotrophoblast to the inner eell mass. These nutrients 
provide the energy needed for the early stages of embryo formation. Cytoplasmic 
extensions of the trophoblast grow around endometrial eapillaries, and the eap- 
illary walls are destroyed. Maternal blood now flows slowly through trophoblas- 
tie ehannels ealled laeimae (singular, lacuna). Fingerlike primary villi extend 
away from the trophoblast into the surrounding endometrium. Eaeh primary 
villus eonsists of an extension of syneytiotrophoblast with a eore of eytotropho- 
blast. Over the next few days, the trophoblast begins breaking down larger endo- 
metrial veins and arteries, and blood flow through the lacunae inereases. 


Figure 28.2 Geavage and Blastoeyst Formation 
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Formation of the Blastodise In the early blastoeyst stage, the inner eell 
mass has little visible organization. At the time of implantation, however, the 
inner eell mass has already started separating from the trophoblast. The sepa- 
ration gradually inereases, ereating a fluid-filled ehamber ealled the amniotie 


(am-nè-OT-ik) eavity (Day 9, : ígure 28.3, and Days 10-12, °igure 28.4). 
At this stage, the eells of the inner eell mass are organized into an oval sheet 
ealled a blastodise (BLAS-tò-disk) that is two layers thiek. At days 10 to 11, 
the blastodise eonsists of two epithelial layers: the epiblast (EP-i-blast), which 
faees the amniotie eavity, and the hypoblast (Hl-pò-blast), which is exposed 
to the eontents of the blastoeoele. 


Figure 28.3 Stages in the Implantation Proeess 
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Gastmlation and Germ Layer Formation A few days later, a third 

layer begins forming through a eell migration proeess ealled gastrulation (gas- 
tru -LÀ-shun) (see Day 12, igure 28.^ ). During gastmlation, eells in speeifie 
areas of the epiblast move toward the eenter of the blastodise, toward a line 
known as the primitive streak. Onee they arrive at the primitive streak, the 
migrating eells leave the surface and move between the epiblast and hypoblast. 
This proeess ereates three distinet embryonie layers with very different fates 
ealled germ layers. Onee gastmlation begins, the layer remaining in eontaet 
with the amniotie eavity is now ealled the eetoderm; the hypoblast is now the 



CLINICAL NOTE 


Teratogens and Abnorma 
Development 

A teratogen (ter-A-tò-jen) is any agent that causes an abnor- 
mality of an embryo or fetus during prenatal development. The 
developing fetus is most vulnerable during the first trimester 
of pregnaney. Teratogenie agents include physieal agents (high 
fever), maternal health faetors (diabetes, obesity, hypertension), 
environmental ehemieals (herbieides, industrial solvents), and 
infectious agents (mbella, Zika viral infeetions). 

In the United States, the most frequent cause of preventable, 
abnormal fetal development is maternal use of tobaeeo, aleohol, 
and drugs (preseription, over-the-eoonter, and illegal). Smoking 
nearly doubles a mother's risk of delivering a low-birth-weight baby 
as a result of poor growth before birth, premature delivery, or both. 
Fetal aleohol syndrome (FAS) is the most eommon known nongenetie 
cause of growth defieieney, functional defieits, and intellectual 
impairment. Aleohol passes from the mother's blood through the 
plaeenta to the fetus. Because aleohol is broken down more slowly 
in a fetus than an adult, fetal aleohol levels remain high for a 
longer period of time. Developing embryos are very vulnerable to 
aleohol. Vietims of FAS may have small heads, eharaeteristie faeial 
abnormalities, short stature, low weight, poor fine and gross motor 
eoordination, speeeh and language delays, attention and memory 
defieits, vision or hearing problems, and heart, kidney, or bone 
abnormalities. The effeets of FAS vary from ehild to ehild, but they 
are irreversible. 

Maternal use of methamphetamine, heroin, eodeine, oxycodone, 
and methadone produces some of the most difficuIt newborns to 
eare for. These substances pass through the plaeenta, and the 
developing fetus beeomes addieted. After birth, the newborn 
develops a eonstellation of withdrawal symptoms ealled neonatal 
abstinenee syndrome. Neonatal intensive eare nurses deseribe the 
high-pitehed, unrelenting ery of a neonate in withdrawal as the 
worst sound on earth. Signs and symptoms include hyperreflexia 
(exaggerated reflexes), inereased muscletone, irritability, poor 
feeding, vomiting, diarrhea, sleep difficuIties, and seizures. The 
eentral nervous system abnormalities, including learning and 
behavioral difficuIties, last a lifetime. 
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endoderm; and the new third layer, loeated between the eetoderm and endo- 
derm, is the mesoderm. (An Embryology Summary in Chapter 3 introduced 
the formation of the mesoderm and the developmental fates of these three germ 
layers.) t) pp. 78-81 See Table 28.1 for the contributions made by eaeh germ 
layer to body systems. Gastmlation produces an oval, two-layered sheet known 
as the embryonie dise. This dise will form the body of the embryo, whereas all 
other eells of the blastoeyst will be part of the extra-embryonic membranes. 

Formation of Extra-embryonic Membranes In addition to form- 

ing body structures and organs, the germ layers also form four structures 
that extend outside the embryonie body. These structures, known as extra- 
embryonie membranes, are the (1) yolk sae (endoderm and mesoderm), (2) 
amnion (eetoderm and mesoderm), (3) allantois (endoderm and mesoderm), 
and (4) ehorion (mesoderm and trophoblast). The extra-embryonic mem- 
branes support embryonie and fetal development by maintaining a eonsistent, 
stable environment and by providing aeeess to the oxygen and nutrients earried 
by the maternal bloodstream. Despite their importanee during prenatal devel- 
opment, they leave few traees of their existence in adult systems. 

The Yolk Sae The yolk sae is the first extra-embryonic membrane to 
develop ígures 28.4 and !8.5 . Migrating hypoblast eells spread out around 
the outer edges of the blastoeoele to form a eomplete pouch suspended below 
the blastodise gure 28.4 and Week 2, gure 28.5 . This pouch is already 
visible 10 days after fertilization. As gastmlation proeeeds, mesodermal eells 
migrate around this pouch and eomplete the formation of the yolk sae. Blood 
vessels soon appear within the mesoderm, and the yolk sae beeomes an import- 
ant site of early blood eell formation. 

The Amnion The eetodermal layer also expands, and eetodermal eells spread 
over the inner surface of the amniotie eavity. Mesodermal eells soon follow, 
forming a seeond, outer layer. This eombination of eetoderm and mesoderm 
forms the amnion (AM-nè-on) gure 28.5 . As the embryo, and later the 
fetus, enlarges, this membrane continues to expand, inereasing the size of the 
amniotie eavity. The amniotie eavity eontains amniotie fluid, which surrounds 
and cushions the developing embryo or fetus gure 28.5 . 


The Allantois The third extra-embryonic membrane begins as an outpock- 
eting of the endoderm near the base of the yolk sae (Week 3, 1gure 28.E ). 
The free endodermal tip grows toward the wall of the blastoeyst, surrounded 
by a mass of mesodermal eells. This sae of endoderm and mesoderm is the 
allantois (a-LAN-tó-is). Its base later gives rise to the urinary bladder. See the 
Embryology Smnmary: The Development of the Urinary System (pp. 783-784) 
for the formation of the allantois and its relationship to the urinary bladder. 

The Chorion The mesoderm assoeiated with the allantois spreads until it 
extends eompletely around the inside of the trophoblast. This forms a meso- 
dermal layer underneath the trophoblast. This eombination of mesoderm and 
trophoblast forms the ehorion (KO-rè-on) gure 28.5 . 

When implantation first occurs, the nutrients absorbed by the tropho- 
blast easily reaeh the blastodise by simple diffusion. But as the embryo and 
the trophoblastie complex enlarge, the distanee between the two inereases, 
and diffusion ean no longer keep paee with the demands of the developing 
embryo. The ehorion solves this problem, as blood vessels developing within 
the mesoderm link the embryo with the trophoblast. Circulation through 
those ehorionie vessels begins early in the third week of development, 
when the heart starts beating. 

Plaeentation 

Plaeentation is the formation of the plaeenta from embryonie and mater- 
nal tissues. The appearanee of blood vessels in the ehorion is the first step in 
the formation of a functional plaeenta. By the third week of development, 
mesoderm extends along the eore of eaeh of the trophoblastie villi, forming 
ehorionie villi in eontaet with maternal tissues igure 28.5L These villi 
continue to enlarge and braneh, forming an intrieate network within the endo- 
metrium. Maternal blood vessels continue to be eroded, and maternal blood 
flows slowly through lacunae lined by the syneytiotrophoblast. Diffusion occurs 
between the maternal blood flowing through the lacunae and fetal blood 
flowing through vessels within the ehorionie villi. 

At first, the entire blastoeyst is surrounded by ehorionie villi. The ehorion 
continues to enlarge, expanding like a balloon within the endometrium. By 


Figure 28.4 Blastodise Organization and Gastmlation 


Blastoeoele 

Syneytiotrophoblast 

Oytotrophoblast 
Amniotie eavity 
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Epiblast of blastodise 

Hypoblast of blastodise 



Amnion 


Germ Layers 

Eetoderm 


Mesoderm 


Endoderm 


Embryonie dise 


Yolk sae 
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DAY12 



The blastodise begins as two layers: the epiblast, faeing the amniotie 
eavity, and the hypoblast, exposed to the blastoeoele. Epiblasts give 
rise to the eetoderm, mesoderm, and endoderm and the embryo 
proper. Hypoblasts form the eell layer adjaeent to the yolk sae and are 
deep to the epiblasts. 



During the proeess of gastmlation, the 

two-layered blastodise is eonverted into a 

three-layered embryonie dise. | 
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Table 28.1 


The Fates of the Primary Germ Layers 


System 

Eetodermal Contributions 

Integiimentary 

system 

Epidermis, hair follieles and hairs, nails, and glands 
communicating with the skin (apoerine and eeerine 
sweat glands, mammary glands, and sebaceous glands) 

Skeletal system 

Pharyngeal eartilages and their derivatives in the 
adult (portion of sphenoid, the auditory ossieles, 
the styloid proeesses of the temporal bones, the 
horns and superior rim of the hyoid bone)* 

Nervous system 

All nervous tissue, including brain and spinal eord 

Endoerine system 

Pituitary gland and adrenal medullae 

Respiratory system 

Mucous epithelium of nasal passageways 

Digestive system 

Mucous epithelium of oral eavity and anus, salivary 
glands 


Mesodermal Contributions 

lntegumentary system 

Dermis, except for epidermal derivatives 

Skeletal system 

All eomponents except some pharyngeal derivatives 

Muscular system 

All eomponents 

Endoerine system 

Adrenal cortex and endoerine tissues of heart, 
kidneys, and gonads 

Cardiovascular system 

All eomponents, including bone marrow 

Lymphatie system 

All eomponents 

Llrinary system 

The kidneys, including the nephrons and the initial 
portions of the eolleeting system 

Reproductive system 

The gonads and the adjaeent portions of the duct 
systems 

Miscellaneous 

The linings of the body eavities (thoraeie, pleural, 
perieardial, pleural peritoneal) and the eonneetive 
tissues supporting all organ systems 


Endodermal Contributions 

Endoerine system 

Thymus, thyroid, and panereas 

Respiratory system 

Respiratory epithelium (except nasal passageways) 
and assoeiated mucous glands 

Digestive system 

Mucous epithelium (except mouth and anus), exocrine 
glands (except salivary glands), liver, panereas 

Llrinary system 

llrinary bladder and distal portions of the duct system 

Reproductive system 

Distal portions of the duct system; stem eells that 
produce gametes 


*The neural erest is derived from eetoderm and contributes to the formation of the 
skull and the skeletal derivatives of the embryonie pharyngeal arehes. 


farther away from the plaeenta Figure 28.5 . It remains eonneeted by the umbil- 
ieal eord, which eontains the allantois, plaeental blood vessels, and yolk stalk. 

The developing fetus is totally dependent on maternal organ systems 
for nourishment, respiration, and waste removal. The maternal systems per- 
form these functions in addition to their normal operations. For example, 
the mother must absorb enough oxygen, nutrients, and vitamins for herself 
and her fetus, and she must eliminate all the generated wastes. Although 
this is not a burden over the initial weeks of gestation, as the fetus grows in 
subsequent trimesters, the demands plaeed on the mother beeome signifi- 
eant. In praetieal terms the mother must breathe, eat, and excrete for two. 

Plaeental Circulation iure 28.6a shows the circulation at the pla- 
eenta near the end of the first trimester. Blood flows from the fetus to the 
plaeenta through the paired umbilical arteries and returns to the fetus in 
a single umbilical vein. Aetive and passive exchange between the fetal and 
maternal bloodstreams occurs at the ehorionie villi gure 28.6b] . 

As noted in ehapter 27, the plaeenta also synthesizes important hormones 
that affeet maternal and embryonie tissues. Human ehorionie gonadotropin 
(HCG) production begins a few days after implantation. This hormone stimu- 
lates the corpus luteum so that it continues to produce progesterone through- 
out the early stages of the pregnaney. During the seeond and third trimesters, 
the plaeenta also releases progesterone, estrogens, human plaeental laetogen 
(HPL), and relaxin. These hormones are synthesized and released into the 
maternal circulation by the trophoblast. 

Embryogenesis 

Shortly after gastmlation begins, the body of the embryo begins to separate 
itself from the rest of the embryonie dise. This proeess, embryogenesis, begins 
as folding and differential growth of the embryonie dise produce a bulge that 
projeets into the amniotie eavity. This projeetion is known as the head fold. 
Similar movements form a tail fold (Weeks 3 and 4, gure 28.E ). The 
embryo is now physieally and developmentally separated from the rest of the 
blastodise and the extra-embryonic membranes. The posterior and anterior 
surfaces and left and right sides of the embryo are now visible. gures 28.5 
and !8.7 illustrate ehanges in proportions and appearanee between the fourth 
week and the end of the first trimester. 

The first trimester is a eritieal period for development because events 
during this time establish the basis for organ formation, a proeess ealled 
organogenesis. See Table 28.2 for important milestones of organogenesis 
in eaeh organ system. 



week 4, the embryo, amnion, and yolk sae are suspended within an expansive, 
fluid-filled ehamber igure 28.5 . The eonneetion between the embryo and 
ehorion is known as the body stalk. The body stalk eontains the distal portions 
of the allantois and blood vessels earrying blood to and from the plaeenta. The 
narrow eonneetion between the endoderm of the embryo and the yolk sae is the 
yolk stalk. For the formation of the yolk stalk and body stalk, see the Embry- 
ology Summary: The Development of the Digestive System later in this ehapter. 

The plaeenta does not enlarge indefinitely. Regional differenees in pla- 
eental organization develop as plaeental expansion forms a prominent bulge 
in the endometrial surface. The relatively thin portion of the endometrium 
eovering the embryo and separating it from the uterine eavity is the capsu- 
lar decidua (KAP-su-lar dé-SID-yu-uh; decidus, a falling off), or deeidm capsu- 
laris. This layer no longer exchanges nutrients, and the ehorionie villi disappear 
in this region gure 28.5 . Plaeental functions are now eoneentrated in the 
basal decidua or deeidm basalis , a dise-shaped region loeated within the deepest 
portion of the endometrium. The rest of the endometrium, which has no eon- 
taet with the ehorion, is ealled the parietal decidua (pa-Rl-e-tal dè-SID-yu-uh) 
or deeidm parietalis. As the end of the first trimester approaehes, the fetus moves 


The Seeond and Third Trimesters 

► KEYPOINT During the seeond and third trimesters, the fetus grovvs rapidly and 

all of the major organ systems eomplete their development and beeome functional. 

By the end of the first trimester, the foundations of all the major organ systems 
have formed gure 28.7c). During the seeond trimester, these systems will 
eomplete their functional development. By the end of the seeond trimester, 
the fetus weighs around 0.64 kg (1.4 lb). During these 3 months, the fetus, 
eneireled by the amnion, grows faster than the surrounding plaeenta, and the 
mesodermal outer eovering of the amnion fuses with the inner lining of the 
ehorion. igure 28.8 shows a 4-month fetus as viewed with a fiber-optie endo- 
seope and a 6-month fetus as seen in ultrasound. 

During the third trimester, all the fetal organ systems beeome functional. 
Although the rate of grovvth begins to slow, this trimester sees the greatest weight 
gain. In the last 3 months of gestation, the fetus gains around 2.6 kg (5.7 lb), 
reaehing a full-term weight of somewhere near 3.2 kg (7.05 lb). See Table 28.2 
and the Embryology Summaries at the end of this ehapter for important events 
in organ system development during the seeond and third trimesters. 
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Figure 28.5 The Embryonie Membranes and Plaeenta Formation 


Week 2 



^Weel^^^| 


Migration of mesoderm around the inner surface of the trophoblast 
forms the ehorion. Mesodermal migration around the outside of the 
amniotie eavity, betvveen the eetodermal eells and the trophoblast, 
forms the amnion. Mesodermal migration around the endodermal 
pouch forms the yolk sae. 


Amnion 



Syneytiotrophoblast 


Oytotrophoblast 


Mesoderm 


- Chorion 


Yolk sae 
Blastoeoele 


The developing embryo and extra-embryonic membranes bulge into the 
uterine eavity. The trophoblast pushing out into the uterine eavity remains 
eovered by endometrium but no longer partieipates in nutrient absorption 
and embryo support. The embryo moves avvay from the plaeenta, and the 
body stalk and yolk stalk fuse to form an umbilical stalk. 
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Week 10 


The embryonie dise bulges into the amniotie eavity at the head fold. The 
allantois, an endodermal extension surrounded by mesoderm, extends 


tovvard the trophoblast. 
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amniotie fluid) 
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Head fold of embryo 
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Week 5 



^Weel^^^| 



The embryo novv has a head fold and a tail fold. Constriction of 
the eonneetions betvveen the embryo and the surrounding 
trophoblast narrovvs the yolk stalk and body stalk. 
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The amnion has expanded 
greatly, filling the uterine eavity. 

The fetus is eonneeted to the 
plaeenta by an elongated 
umbilical eord eontaining a 
portion of the allantois, blood 
vessels, and the remnants of 
the yolk stalk. A mucus plug forms, 
preventing baeteria from entering 
the uterus. 
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Figure 28.6 A Three-Dimensional View of Plaeental Structure 
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A histologieal eross seetion of a ehorionie villus 
shovving the syneytiotrophoblast exposed to the 
maternal blood spaee. 
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maternal blood 
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Trophoblast (cellular 
and syneytial layers) 


A view of the uterus after the fetus has been removed and the umbilical eord cut. Arrows in the 
enlarged view show the direetion of blood flow. Blood flows into the plaeenta through ruptured 
maternal arteries and then flows around ehorionie villi, which eontain fetal blood vessels. 
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Figure 28.7 The First Trimester 



Future head of embryo 


Thiekened neural plate 
(will form brain) 

Neural folds (fuse to enelose 
brain ventrieles and eentral 
eanal of spinal eord) 


Somites 


Cut wall of amniotie eavity 


Future tail of embryo 



lllustration of superior surface of human development at 
week 3 undergoing neurulation (neural tube formation) 


Forebrain 

Eye 

Heart 

Body 

stalk 

Tail 




Fiber-optie view of human development 
at week 4 (about 5 mm in size) 


Arm 

bud 


Leg 

bud 



Chorionic 

villi 


Amnion 

Llmbilieal 

eord 



Fiber-optie view of human development at week 8 
(about 1.6 em in size) 



Fiber-optie view of human development 
at week 12 (about 5.4 em in size) 



At the end of gestation, a typieal uterus has undergone a tremendous 
inerease in size. It grows from 7.5 em (3 in.) to 30 em (12 in.) long and 
eontains almost 5 L of fluid. The uterus and its eontents weigh roughly 
10 kg (22 lb). This remarkable expansion in the size of the uterus occurs 
through the enlargement and elongation of existing smooth muscle fibers. 
Figure 28.9 shows the position of the uterus, fetus, and plaeenta from 
16 weeks to full term (9 months). When the pregnaney is at term, the 
uterus and fetus push many of the abdominal organs out of their normal 
positions Fi ure 28.9c). 



CONCEPT CHECK 

5 What is the fate of the inner eell mass of the 
blastoeyst? 

6 What is the function of the syneytiotrophoblast? 

7 What systems does the mesodermal layer give rise to? 

8 What are the functions of the plaeenta? 


See the blue Ansvvers tab at the baek of the book. 
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Table 28.2 An Overvievv of Prenatal Development 


Background Material in Chapter 3: 

Formation of Tissues (p. 78) 
Development of Epithelia (p. 79) 
Origins of Connective Tissues (p. 8 ( ) 
Development of Organ Systems (p. 8 ) 






Note: (b) = begin(s) formation; (c) = eomplete(s) formation. 


Gestational Age 
(months) 

Size and VVeight 

lntegumentary 

System 

Skeletal System 

Muscular System 

Nervous System 

Speeial Sense 

Organs 

1 

5 mm, 0.02 g 


(b) Somite formation 

(b) Somite formation 

(b) Neural tube 
formation 

(b) Eye and ear 
formation 

2 

1.6 em, 1.0 g 

(b) Formation of nail 
beds, hair follieles, 
svveat glands 

(b) Formation of axial 
and appendicular 
eartilages 

(e) Rudiments of axial 
musculature 

(b) CNS, PNS 
organization, 
grovvth of eerebmm 

(b) Formation of taste 
buds, olfaetory 
epithelium 

3 

5.4 em, 14 g 

(b) Epidermal layers 
appear 

(b) Ossifieation 

eenters spreading 

(e) Rudiments of 
appendicular 
musculature 

(e) Basie spinal 
eord and brain 
structure 


4 

11.6 em, 100 g 

(b) Formation of hair, 
sebaceous glands 
(e) Svveat glands 

(b) Articulations 
(e) Faeial and palatal 
organization 

Fetus starts moving 

(b) Rapid expansion 
of cerebrum 

(e) Basie eye and ear 
structure 

(b) Peripheral reeeptor 
formation 

5 

16.4 em, 300 g 

(b) Keratin production, 
nail production 



(b) Myelination of 
spinal eord 


6 

30 em, 600 g 



(e) Perineal muscles 

(b) CNS traet 
formation 

(e) Layering of cortex 


7 

37.6 em, 1.005 kg 

(b) Keratinization, nail 
formation, hair 
formation 




(e) Eyelids open, retina 
sensitive to light 

8 

42.4 em, 1.702 kg 


(b) Epiphyseal 

eartilageformation 



(e) Taste reeeptors 
functional 

9 

47.4 em, 3.2 kg 






Postnatal 

development 


Hair ehanges in 
eonsisteney and 
distribution 

Formation and 
grovvth of epiphyseal 
eartilages continue 

Muscle mass and eontrol 
inerease 

Myelination, layering, 
CNS traet formation 
continue 


Embryologieal 
Summaries by 

System 


Development of the 
lntegumentary System 

(pp. 756-757) 

Development of the 
Cranium 

(pp. 758-759) 

Development of the 
Vertebral Column 

(pp. 760-761) 

Development of 
the Appendicular 
Skeleton 

(pp. 762-763) 

Development of the 
Muscular System 

(pp. 764-765) 

lntroduction to the 
Development of the 
Nervous System 
(p. 766) 

Development of 
the Spinal Cord and 
Spinal Nerves 
(pp. 767-768) 
Development of the 
Brain and Cranial 
Nerves 

(pp. 769-770) 

Development of Speeial 

Sense Organs 

(pp. 771-772) 
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Note: (b) = begin(s) formation; (c) = eomplete(s) formation. 


Endoerine 

System 

Cardiovascular and 
Lymphatie Systems 

Respiratory 

System 

Digestive System 

llrinary System 

Reproductive System 


(b) Heartbeat 

(b) Traehea and lung 
formation 

(b) Formation of intestinal 
traet, liver, panereas 
(e) Yolk sae 

(e) Allantois 


(b) Formation 
of thymus, 
thyroid, 
pituitary, 
adrenal glands 

(e) Basie heart structure, 
major blood vessels, 
lymph nodes and ducts 
(b) Blood formation in 
liver 

(b) Extensive 
bronehial 
branehing into 
mediastinum 
(e) Diaphragm 

(b) Formation of intestinal 
subdivisions, villi, 
salivary glands 

(b) Kidney formation 
(adult form) 

(b) Formation of mammary 
glands 

(e) Thymus, thyroid 
gland 

(b) Tonsils, blood 
formation in red 
bone marrovv 


(e) Gallbladder, panereas 


(b) Formation of definitive 
gonads, ducts, genitalia 


(b) Migration of 
lymphoeytes to 
lymphoid organs: blood 
formation in spleen 



(b) Degeneration 
of embryonie 
kidneys 



(e) Tonsils 

(e) Nostrils open 

(e) Intestinal subdivisions 



(e) adrenal glands 

(e) Spleen, liver, bone 
marrovv 

(b) Alveolar 
formation 

(e) Epithelial organization, 
glands 



(e) Pituitary gland 



(e) Intestinal plieae 


(b) Deseent of testes 



Complete pulmonary 
branehing and 
alveolar formation 


Complete nephron 
formation at birth 

Deseent of testes eomplete 
at or near time of birth 


Cardiovascular 
ehanges at birth; 
lymphatie system 
gradually beeomes fully 
operational 





Development of 
the Endoerine 
System 

(pp. 773-774) 

Development of the 
Heart (p. 7 ) 

Development of the 
Cardiovascular System 

(pp. 776-777) 

Development of the 
Lymphatie System 

(P- 778) 

Development of the 
Respiratory System 

(pp. 779-780) 

Development of the 
Digestive System 

(pp. 781-782) 

Development of the 
Llrinary System 

(pp. 783-784) 

Development of the 
Reproductive System 

(pp. 785-787) 
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Figure 28.8 The Seeond and Third Trimesters 



(about 13.3 em in size) ultrasound (about 30 em in size) 


28.4 Labor and Delivery 

► KEY POINT During labor, rhythmie uterine eontraetions move the fetus to- 
ward the eervieal eanal. 

Parturition (par-tu-RISH-un), or ehildbirth, is the foreible expulsion of the fetus 
from the uterus through the cervix and vagina. This occurs by a series of strong, 
rhythmie uterine eontraetions ealled labor. Labor is triggered by the eombina- 
tion of inereased oxytocin levels and inereased uterine sensitivity to oxytocin. 
This eombination stimulates labor eontraetions in the myometrium. During true 
labor, as opposed to the oeeasional uterine spasms of false labor, eaeh labor eon- 
traetion begins near the fundus of the uterus and sweeps in a wave toward the 
cervix. These eontraetions are strong and occur at regular intervals. 


Stages of Labor 

►keypoint Labor is divided into three stages: dilation, expulsion, and plaeental. 


The Dilation Stage 

The dilation stage begins with the onset of true labor, as the cervix dilates and 
the fetus begins to move down the eervieal eanal gure 28.10' . This stage is 
highly variable in length but typieally lasts 8 or more hours. At the start of the 
dilation stage, labor eontraetions last up to half a minute and occur onee every 
10-30 minutes. Late in the proeess, the amnion usually ruptures, an event 
sometimes referred to as the woman having her “water break. ,> 



The Expulsion Stage 

The expulsion stage begins as the cervix, pushed open by the approaehing 
fetus, eompletes its dilation to about 10 em (4 in.) Figure 28.10]. Expulsion 
continues until the fetus has emerged eompletely from the vagina, a period 



CLINICAL NOTE 


Miiltiple Births 


Multiple births (twins, triplets, quadruplets, and so forth) ean 
take plaee for several reasons, including the growing use of 
fertility drugs and assisted reproductive teehnology. Another reason 
is the rise in the average age of women giving birth (older women 
are more likely to release more than one ooeyte in a eyele). 
Aeeording to the CDC, the rate of twin births in the llnited States is 
33.7 twin births out of every 1,000 deliveries. "Fraternal twins," or 
dizygotie (dT-zT-GOT-ik) twins, develop when two separate ooeytes 
are ovulated and fertilized. Because ehromosomes are shuffled 
during meiosis, the odds against any two zygotes from the same 
parents having identieal genes exceed 1 in 8.4 million. 

"identieal twins" or monozygotie twins, result either from the 
separation of blastomeres early in eleavage or from the splitting of 
the inner eell mass before gastrulation. In either event, the genetie 
makeup of the twins is identieal because both formed from the 
same pair of gametes. 

Triplets, quadruplets, and larger multiples ean result from 
multiple ovulations, blastomere splitting, or some eombination of 
the two. For unknown reasons, the rates of naturally occurring 
multiple births fall into a pattern: Twins occur in 1 of every 89 
births, triplets in 1 of every 7921 births, quadruplets in 1 of every 
704,969 births, and so forth. Taking fertility drugs that stimulate the 
maturation of abnormally high numbers of follieles ean inerease the 
ineidenee of rrmltiple births. 
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Figiire 28.9 The Grovvth of the Uterus and Fetus 
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Pregnaney at 16 vveeks shovving the positions 
of the uterus, fetus, and plaeenta. 



Pregnaney at 3 months to 9 months, 
shovving the superior-most position of the 
uterus vvithin the abdomen. 
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Pregnaney at full term. Note the position of the uterus and fetus 
and the displaeement of abdominal organs relative to part (d). 



Organ position and orientation 
in a nonpregnant female. 
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Figure 28.10 The Stages of Labor 



The Dilation Stage 
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Fully developed fetus before labor begins 




The Expulsion Stage 



usually lasting less than 2 hours. The arrival of the nevvborn infant into the 
outside world is delivery, or birth. 

If the vaginal eanal is too small to permit the passage of the fetus, pos- 
ing acute danger of perineal tearing, a elinieian may temporarily enlarge the 
passageway by performing an episiotomy (eh-piz-è-OT-ò-mè), an ineision 
through the perineal musculature. After delivery, this surgical cut is repaired 
with sutures, a much simpler procedure than suturing the jagged edges assoei- 
ated with an extensive perineal tear. 

The relative sizes of the fetal skull and the maternal pelvie outlet affeet 
the ease and success of delivery. If progress is slow or eomplieations arise, the 
infant may be delivered by eesarean seetion, or C-section. This involves making 
an ineision through the abdominal wall and opening the uterus just enough to 
remove the infant. 



The Plaeental Stage 

During the plaeental stage of labor, muscle tension builds in the walls of the 
partially empty uterus, which gradually beeomes smaller. This uterine eontrae- 
tion tears the eonneetions between the endometrium and the plaeenta. Usu- 
ally within an hour after delivery, the plaeental stage ends with the ejeetion of 
the plaeenta, or afterbirth gure 28.1 (} . The dismption of the plaeenta is 
aeeompanied by loss of blood (as much as 500-600 ml). Because the maternal 
blood volume has inereased during pregnaney, the loss is easily tolerated. 


Premature Labor 

► KEY POINT Premature labor occurs vvhen true labor begins before the fetus 
has eompleted normal development. 



In prematiire labor, true labor begins before the fetus has eompleted normal 
development. The ehanees of newborn survival are direetly related to the infant’s 
body weight at delivery. Most fetuses born at 25-27 weeks of gestation (a birth 
weight under 600 g, or 21.1 oz) die despite intensive neonatal eare. Survivors 
have a high risk of developmental abnormalities. Premature delivery usually 
refers to birth at 28-36 weeks (a birth weight over 1 kg or 2.2 lb). With eare, 
these newborns have a good ehanee of surviving and developing normally. 


3 


The Plaeental Stage 



Uterus 


Ejeetion of the 
plaeenta 
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CONCEPT CHECK 

9 Which stage of labor usually takes the longest? 
10 What triggers the expulsion of the plaeenta? 


See the blue Ansvvers tab at the baek of the book. 



CLI NIeAL NOTE 


Common Complications 
of Parturition 


Parturition is a dangerous time for mothers and newborns. 
These are some of the more eommon eomplieations that ean occur. 

In fetal distress, the fetus does not obtain enough oxygen 7 which 
typieally manifests as a deerease in fetal heart rate. Depending on the 
stage of labor, this may require either an emergeney eesarean seetion 
(C-section) or assisted delivery using foreeps or a vacuum extractor. 

Breeeh position, also known as "malpresentation," refers to 
the baby being positioned in the uterus buttocks or feet first. Because 
the baby's head is its largest part, the infant ean get "stuck" in the 
birth eanal if it eomes feet first. This is an indieation for a C-section. 

Plaeenta previa means the plaeenta is eovering the cervix. 

If labor progresses naturally 7 the plaeenta ean separate too early, 
causing potentially deadly blood loss for mother and baby. 

A C-section is often scheduled before natural labor ean begin. 

Meconium aspiration is the intra-uterine aspiration by the 
fetus of amniotie fluid eontaminated with meconium (first feees). 

If meconium is present in amniotie fluid # the fetus may inhale the 
feees, resulting in breathing difficuIty. Risk faetors for meconium 
aspiration include "aging" of the plaeenta if past delivery date # 
deereased oxygen to the fetus in the uterus # diabetes or high blood 
pressure in the mother, and long labor or a difficuIt delivery. 

Cephalopelvic disproportion (CPD) is a eondition in which 
the fetal head is too large to pass through the maternal pelvis, pre- 
venting a vaginal delivery. Cephalopelvic disproportion is the most 
eommon reason for a C-section. 



ehanges occur as the fetus eompletes its transition to the status of a newborn 
infant, or neonate. 

Before delivery, the transfer of dissolved gases, nutrients, waste products, 
hormones, and immunoglobulins occurred aeross the plaeental interfaee. At 
birth, the newborn infant must beeome relatively self-sufficient, with its own 
organs and organ systems performing respiration, digestion, and excretion. We 
ean summarize the transition from fetus to neonate as follows: 

o At birth, the lungs are eollapsed and filled with fluid. Filling them with air 
involves a massive and powerful inhalation. 

o When the lungs expand, ehanges in blood pressure and flow rates within 
the cardiovascular system alter the blood flow pattern. The ductus arterio- 
sus eloses, isolating the pulmonary and systemie trnnks. The foramen ovale 
eloses, separating the atria of the heart, which eompletes the separation of 
the pulmonary and systemie circuits. (Chapters 21 and 22 discussed these 
cardiovascular ehanges.) 

o Heart rates of 120-140 beats per minute and respiratory rates of 30 breaths 
per minute, rates eonsiderably higher than those of adults, are normal in 
neonates. 

o Before birth, the digestive system is relatively inaetive, although it does 
accumulate a mixture of bile seeretions, mucus, and epithelial eells. This 
eolleetion of debris, ealled meconium, is excreted in the first few days of 
life. During that period, the newborn begins to nurse. 

o As wastes build up in the arterial blood, the kidneys excrete them. Glo- 
memlar filtration is normal, but the neonate’s kidneys eannot eoneentrate 
urine to any signifieant degree. As a result, urinary water losses are high, 
and neonatal fluid requirements are proportionally much greater than 
those of adults. 

o In the first few days after delivery, the neonate has little ability to eontrol 
body temperature. As the infant grows larger and inereases the thiekness of 
its insulating subcutaneous adipose << blanket, ,> its metabolie rate also rises. 
Daily and even hourly alterations in body temperature continue through- 
out ehildhood. 

The next seetion of this ehapter summarizes important aspeets of the 
embryologieal development of eaeh organ system. Table 28.2 on pages 750-751 
summarizes major developmental landmarks in eaeh trimester. 


28.5 The Neonatal Period 

► KEY POiNT During the neonatal period, the neonate continues to undergo 
physiologieal and anatomieal ehanges. 

Developmental proeesses do not eease at delivery, as the newborn infant 
has few of the anatomieal, functional, or physiologieal eharaeteristies of the 
mature adult. The neonatal period extends from the moment of birth to 1 
month thereafter. During this period, a variety of physiologieal and anatomieal 



CONCEPT CHECK 

11 Why does a nevvborn need a higher relative fluid 
intake than an adult? 

12 While you are holding your nevvborn ehild for the first 
time, you notiee that her heart rate is eonsiderably 
higher than yours. Should you be vvorried? Explain. 


5ee the blue Ansvvers tab at the baek of the book. 


r 
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28.6 


Embryology of Organ Systems 


The Development of the lntegumentary System 



Eetoderm 

Mesoderm 


1 MONTH 

At the start of the seeond 
month, the siiperfieial 
eetoderm is a simple 
epithelium overlying loosely 
organized mesenehyme. 



Basal 

eells 



Connective 

tissue 

Blood vessel 


3 MONTHS 



Over the following weeks, the epithelium 
beeomes stratified through repeated 
divisions of the basal eells. The underlying 
mesenehyme differentiates into embryonie 
eonneetive tissue eontaining blood vessels 
that bring nutrients to the region. 



Epithelial 

column 

Mesenehyme 



SKIN 




28 



Melanoeyte 
Basal eell 



Dermis 


As basal eell divisions continue, the epithelial 
layer thiekens and the basal layer forms irregular 
folds. Pigment eells ealled melanoeytes migrate 
into the area and squeeze between the basal 
eells. The epithelium now resembles the 
epidermis of an adult. 


Loose 
eonneetive tissue 




Dense 


eonneetive 
tissue 



Subcutaneous 

layer 



The embryonie eonneetive tissue differentiates 
into the dermis. Fibroblasts and other eonneetive 
tissue eells form from mesenehymal eells or 
migrate into the area. The density of fibers 
inereases. Loose eonneetive tissue extends into 
the ridges, but a deeper, less vascular region 
is dominated by a dense, irregular eollagen fiber 
network. Below the dermis the embryonie eon- 
neetive tissue develops into the subcutaneous 
layer, a layer of loose eonneetive tissue. 


4 MONTHS 


4 MONTHS 

During the third and fourth months, small areas 
of epidermis undergo extensive divisions and form 
eords of eells that grow into the dermis. These are 
epithelial columns. Mesenehymal eells surround 
the columns as they extend deeper and deeper into 
the dermis. Hair follieles, sebaceous glands, and 
sweat glands develop from these columns. 


NAILS 


Eetoderm Nail field 





ri -■ , ■ -3^-r -3P | . J ■ „ B ! + a - a 

iL -IdJ "JT" . OV «■ «■ - - 'T i 


Developing 

bone 


■*.* , L .' "■ &Y r , , F 


4 MONTHS 

Nails begin as thiekenings of the epidermis near the 
tips of the fingers and toes. These thiekenings settle 
into the dermis, and the border with the general 
epidermis beeomes distinet. Initially, nail production 
involves all of the basal eells of the nail field. 



Nail root 


Eponychium Nail bed Nail 






_ * 


* í f 



BIRTH 


By the time of birth, nail production is restrieted to 
the nail root. 
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HAIR FOLLICLES 



Sebaceous 

gland 


Hair column 


Papilla 


5 MONTHS 

A hair folliele develops as a deep column 
surrounding a papilla, a small mass of eonneetive 
tissue. Hair growth will occur in the epithelium 
eovering the papilla. An outgrowth from the 
epithelial column forms a sebaceous gland. 



BIRTH 


At birth, a hair projeets from the folliele, 
and the seeretions of the sebaceous 
gland lubricate the hair shaft. 


Hair 


Sebaceous 

gland 


EXOCRINE GLANDS 



5 MONTHS 


Epithelial 

column 


Mesenehyme 


A sweat gland develops as an epithelial 
column elongates, eoils, and beeomes 
hollow. 




BIRTH 


Duct of 
sweat gland 


At birth, sweat gland ducts earry the 
seeretions of the gland eells to the 
skin surface. 


BREASTS 



5 MONTHS 


Epidermis 


Epidermal 

thiekening 


Developing 

duct 




Hollowing 

nipple 


Branehing 

duct 



BIRTH 


Mammary glands develop in a eomparable 
fashion, but the epidermal thiekenings are 
much broader and extensive branehing 
occurs. 


At birth, the mammary glands have not eompleted 
their development. In females, further elaboration 
of the duct and gland system occurs at puberty, 
but functional maturity does not occur until late in 
pregnaney. 


r 
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EMBRYOLOGY S U M M ARY 



First pharyngeal areh Pharyngeal 


Seeond 


(mandibular) 


eartilages pharyngeal 

areh (hyoid) 


Succeeding 
pharyngeal 
arehes 3, 4, 6 


Brain 




Nose 


5 WEEKS 


Chondrocranium 


Brain 



Eye 


Nasal 
capsule 


Vertebrae 



5-WEEK 

EMBRYO 


After 5 weeks of development, the eentral nervous system is 
a hollow tube that runs the length of the body. A series of 
eartilages appears in the mesenehyme of the head beneath and 
alongside the expanding brain and around the developing nose, 
eyes, and ears. These eartilages are shown in light blue. There 
are five rounded ridges of eartilage, ealled pharyngeal arehes, 
loeated on either side of the pharynx that form the faee and neek. 


8 WEEKS 


The eartilages assoeiated with the brain enlarge 
and fuse, forming a cartilaginous chondrocranium 
(kon-drò-KRÀ-né-um; ehondros, eartilage, + cranium, 
skull) that eradles the brain and sense organs. 

At 8 weeks its walls and floor are ineomplete, and 
there is no roof. 





Oeeipital 

bone 





Maxilla 


Zygomatie 

areh 


Temporal bone 



Mandible 


Oeeipital 

bone 


BIRTH 


The skull at birth; eompare with the situation at 12 weeks. 
Extensive fusions have occurred, but the eranial roof 
remains ineomplete. 


12 WEEKS 

After 12 weeks ossifieation is well 
under way in the cranium and faee. 
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CLINICAL NOTE 




Maxilla 


Sphenoid 


Oeeipital 

bone 


The mandible forms as 
dermal bone develops 
around the inferior 
portion of the 
mandibular areh. 


Hyoid bone 
Larynx 


9 WEEKS 


During the ninth week, numerous eenters of endoehondral ossifieation appear 
within the chondrocranium. These eenters are shown in red. Gradually, the frontal 
and parietal bones of the eranial roof appear as intramembranous ossifieation 
begins in the overlying dermis. As these eenters (beige) enlarge and expand, 
extensive fusions occur. 



The dorsal portion of the mandibular areh fuses with the chondrocranium. The 
fused eartilages do not ossify; instead, osteoblasts begin eovering them in dermal 
bone. On eaeh side this eovering fuses with a bone developing at the entranee to the 
nasal eavity, producing the two maxillae. Ossifieation eenters in the roof of the 
mouth spread to form the palatine proeesses and later fuse with the maxillae. 



10 WEEKS 

The seeond pharyngeal areh, or hyoid areh, forms near the temporal bones. Fusion 
of the superior tips of the hyoid with the temporals forms the styloid proeesses. 

The ventral portion of the hyoid areh ossifies as the hyoid bone. The third areh 
fuses with the hyoid, and the fourth and sixth arehes form laryngeal eartilages. 



Development of Cleft Lip 
and Cleft Palate 


If the overlying skin does not fuse normally, the result is a 
eleft lip. Cleft lips affeet roughly one birth in a thousand. 
A split extending into the orbit and palate is ealled a eleft 
palate. Cleft palates are half as eommon as eleft lips. Both 
eonditions ean be eorreeted surgically. 



Nasal septum 
Palatine areh 



Normal 




Abnormal 


Cleft palate 




Bilateral eleft 
lip and palate 
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The Development of the Vertebral Column 


Pharyngeal arehes Ear 


Somites 


Eye 


Heart 


Tail 







Spinal eord 
Somite 


Selerotome 


Notoehord 


4-WEEK EMBRYO 



The developing spinal eord lies posterior to a longitudinal rod, 
the notoehord (NÒ-tò-kórd; noton, baek, + ehorde, eord). In the 
fourth week of development, mesoderm on either side of the 
spinal eord and notoehord forms a series of mesenehymal bloeks 
ealled somites (SÒ-mTts). Mesenehyme in the medial portions of 
eaeh somite, a region known as the selerotome (SKLER-ó-tóme; 
skleros, hard), will produce the vertebral column and contribute 
to the floor of the cranium. 



Spinal eord 


Mesenehyme 
of somite 


Neural areh 


Tubercle of rib 
Head of rib 


Centrum of vertebra 
Cartilaginous rib 


8 WEEKS 


The eartilages of the vertebral eentra (eenters) grow around the spinal 
eord, ereating a model of the eomplete vertebra. In the eervieal, 
thoraeie, and lumbar regions, articulations develop where adjaeent 
cartilaginous bloeks eome into eontaet. In the saernm and coccyx, 
the eartilages fuse together. 



Tubercle of rib 


Spinal eord in 
spinal eanal 




Spinous proeess 
Muscles of baek 


Transverse proeess 


Ossifieation eenters 


BIRTH 


12 WEEKS 




28 



At birth, the vertebrae and ribs are ossified, but many cartilaginous 
areas remain. For example, the anterior portions of the ribs remain 
cartilaginous. Additional growth will occur for many years; in 
vertebrae, the bases of the neural arehes enlarge until ages 3-6, and 
the vertebral proeesses and vertebral bodies grow until ages 18-25. 


About the time the ribs separate from the vertebrae, ossifieation 
begins. Only the shortest ribs undergo eomplete ossifieation. In 
the rest, the distal portions remain cartilaginous, forming the 
eostal eartilages. Several ossifieation eenters appear in the 
sternum, but fusion gradually reduces the number. 
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Selerotome 



Notoehord 



Intersegmental 

mesenehyme 


Somites 



Cartilage of 
vertebral body 










Intervertebral 

dise 



Vertebra 




Nucleus 

pulposus 



4 WEEKS 


6 WEEKS 


8 WEEKS 


ADIPLT 


Cells of the selerotomal segments The migrating eells differentiate into 

migrate away from the somites ehondroblasts and produce a series 

and cluster around the notoehord. of cartilaginous bloeks that surround 

the notoehord. These eartilages, 
which will develop into the 
vertebral eentra, are separated by 
patehes of mesenehyme. 


Expansion of the vertebral eentra eventually eliminates the notoehord, 
but it remains intaet between adjaeent vertebrae, forming the nucleus 
pulposus of the intervertebral dises. Later, surrounding mesenehymal 
eells differentiate into ehondroblasts and produce the fibrous eartilage 
of the anulus fibrosus. 





8 WEEKS 9 WEEKS 

Rib eartilages expand away from the developing transverse proeesses of the vertebrae. At first 
they are continuous, but by week 8 the ribs have separated from the vertebrae. Ribs form at 
every vertebra, but in the eervieal, lumbar, saeral, and eoeeygeal regions they remain small and 
later fuse with the growing vertebrae. The ribs of the thoraeie vertebrae continue to enlarge, 
following the curvature of the body wall. When they reaeh the ventral midline, they fuse with 
the eartilages of the sternum. 


r 
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Limb buds 


4 WEEKS 


5 WEEKS 


Cartilage 

primordia 

Notoehord 


Cartilaginous 
eore of limb bud 


Mesenehyme 


In the fourth week of development, ridges appear 
along the abdomen of the embryo, extending from 
just behind the throat to just before the anus. These 
ridges form as mesodermal eells and eongregate 
beneath the eetoderm of the abdomen. Mesoderm 
gradually accumulates at the end of eaeh ridge, 
forming two pairs of limb buds. 


After 5 weeks of development, the peetoral limb 
buds have a cartilaginous eore and scapular 
eartilages are developing in the mesenehyme of 
the trunk. 





10 WEEKS 


The skeleton of a newborn infant. Note the extensive 
areas of eartilage (blue) in the humeral head, wrist, 
between the bones of the palm and fingers, and in the 
hips. Notiee the appearanee of the axial skeleton, with 
referenee to the two previous Embryology Summaries. 


Ossifieation in the embryonie skeleton after 
approximately 10 weeks of development. The 
shafts of the limb bones are undergoing rapid 
ossifieation, but the distal bones of the 
carpus and tarsus remain cartilaginous. 
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Cartilaginous 
eore of scapula 


Apieal 

eetodermal 




Humerus 

Mesenehyme of 
peetoral girdle 



5V 2 WEEKS 


As the limb bud enlarges, bends 
develop at the future loeations of the 
shoulder and elbow joints. Two 
eartilages form in the forearm, and a 
lateral rotation of the apieal 
eetodermal ridge plaees the elbow 
in its proper orientation. 


5 WEEKS 



The hands originate as 
paddles, but the death 
of eells between the 
phalangeal eartilages 
produces individual 
fingers. 


Humerus 


Pelvie 

girdle 


Scapula 


The formation of the pelvie girdle and 
legs elosely parallels that of the peetoral 
girdle. But as the pelvie limb bud 
enlarges, the apieal eetodermal ridge 
rotates medially rather than laterally. As 
a result, the knee joint faees posteriorly 
while the elbow faees anteriorly. 


Lower 

limb 




5V 2 WEEKS 




Oartilage 




7 WEEKS 


WEEKS 


By week 8, cartilaginous models of the major 
skeletal eomponents are well formed, and 
endoehondral ossifieation begins in the future 
limb bones. Ossifieation of the hip bones begins 
at three separate eenters that gradually enlarge. 


Joint eavity 


Ossified 

bone 



Joints form where two eartilages are in 
eontaet. The surfaces within the joint 
eavity remain cartilaginous, while the 
rest of the bones undergo ossifieation. 


r 
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EMBRYOLOGY S U M M ARY 



4 WEEKS 


Near the head, mesoderm forms 
skeletal muscle assoeiated with the 
pharyngeal arehes. 


Myotome 


Selerotome 


Pharyngeal 

arehes 


Eye 


Limb bud 

Lateral plate mesoderm 
(parietal layer) 


Heart 



Somites 



Somites 


Mesoderm from the parietal 
portion of the lateral plate and 
the adjaeent myotome forms the 
limb buds. 


Gut 


Llmbilieal 

stalk 


After 4 weeks of development, mesoderm on either side 
of the notoehord has formed somites. The medial portion 
of eaeh somite will form skeletal muscles; this region is 
ealled the myotome. 


Migrating mesodermal 
eells (arrows show 
direetions of movement) 

Lateral plate 
(viseeral layer) 


Coelom 


The peripheral portion of the mesoderm 
forms the lateral plate mesoderm. 

A eavity appears within the lateral plate 
mesoderm of the ehest and abdomen; 
this eavity is the eoelom. Formation of 
the eoelom divides the lateral plate into 
an inner viseeral layer and an outer 
parietal layer. 



Flexors 



Extensors 


Flexors 




8 WEEKS 


BIRTH 


Rotation of the upper limb bud and lower limb bud produces a 
ehange in the position of these masses relative to the body axis 


While the limb buds enlarge, additional myoblasts 
invade the limb from myotomal segments nearby. 
Lines indieate the boundaries between myotomes 
providing myoblasts to the limb. 
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6 WEEKS 



muscles 


Upper 


limb bud 



Hypaxial mesoderm in the trunk 
grows around the body wall 
toward the sternum in eompany 
with the ribs. This ereates a 
mesodermal layer that extends 
from the ehin to the pelvie girdle 


Extensors 


Flexors 



Epaxial muscles 
Hypaxial muscles 


Lung 

Rib 


Heart 


Sternum 


The hypaxial mesoderm 
near the sacrum migrates 
caudally to produce the 
muscles of the pelvie floor. 


Eaeh limb bud has a flattened 
distal tip, with a thiekened 
apieal eetodermal ridge. As 
eartilages appear in the limb 
buds, surrounding mesodermal 
eells from the myotomes 
differentiate into myoblasts. 


Myotomal muscles organize around the 
developing vertebral column in two groups: 
epaxial muscles (above the spinal axis) and 
hypaxial muscles (below the spinal axis). 





7 WEEKS 


Muscles forming at the 
pharyngeal arehes are 
assoeiated with the head 
and neek. The muscles 
of mastieation develop 
from the mesoderm 
surrounding the 
mandibular areh.— 


Mesoderm of the seeond (hyoid) pharyngeal Epaxial muscles remain arranged in segments. These deep muscles 


areh migrates over the lateral and ventral 
surfaces of the neek and skull to form the 
muscles of faeial expression. 


include the intervertebral muscles. Superficial epaxial muscles 
form the major muscles of the ereetor spinae. 



Eye 

muscles 




Mesoderm of the third, fourth, 
and sixth pharyngeal arehes 
forms the pharyngeal and 
intrinsie laryngeal muscles. 









Pharyngeal myoblasts form 
a superficial layer that later 
subdivides to ereate 
the trapezius and 
sternoeleidomastoid. 




Intervertebral muscles 
Ereetor spinae 
Extensors 


Flexors 


Migration of myoblasts over the 
dorsal surface of the trunk ereates 
limb extensors; migration of ventral 
myoblasts produces the flexors. 


Stomaeh 


Rectus 

abdominis 



Quadratus lumborum 


Transversus abdominis 


Internal oblique 


External oblique 


The oblique, transverse, and rectus muscle 
groups develop in the hypaxial layer. 
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20 DAYS 



Neural 

plate 



Notoehord 



After 2 weeks of development, somites are appearing on either 
side of the notoehord. The eetoderm near the midline thiekens, 
forming an elevated neural plate. The neural plate is largest near 
the future head of the developing embryo. 


21 DAYS 


Neural 

groove 



A erease develops along the axis of the neural plate, ereating the 
neural groove. The edges, or neural folds, gradually move 
together. They first eontaet one another midway along the axis 
of the neural plate, near the end of the third week. 


Where the neural folds meet, they fuse to form a eylindrieal 
neural tube that loses its eonneetion with the superficial 
eetoderm. The proeess of neural tube formation is ealled 
neurulation; it is eompleted in less than a week. 





28 



23 DAYS 


Head 


Neural eavity 



Neural 



Cells at the tips of the neural folds do not form the neural tube. 
These eells of the neural erest at first remain between the dorsal 
surface of the neural tube and the eetoderm, but they later 
migrate to other loeations. The neural tube beeomes the CNS. 
Axons from neurons within the neural tube and the axons of 
neural erest eells form the PNS. 


Schwann eell 



Sensory neurons 


Somites 


Neural erest 


Ependymal layer 


Mantle layer 
Marginal layer 



Autonomic 

motor 

neurons 


CNS 

neurons 


The first eells to appear in the mantle 
differentiate into neurons, while the 
last eells to arrive beeome astroeytes 
and oligodendroeytes. Further 
development of the CNS and PNS will 
be found in the Embryology 
Summaries later in this ehapter. 


Ependymal eells 


Astroeytes and 
oligodendroeytes 


The neural tube inereases in thiekness as its epithelial lining undergoes repeated 
mitoses. By the middle of the fifth developmental week, there are three distinet 
layers. The ependymal layer lines the enelosed neural eavity. The ependymal 
eells continue their mitotie aetivities, and daughter eells ereate the surrounding 
mantle layer. Axons from developing neurons form a superficial marginal layer. 
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22 DAYS 



Eetoderm 


Neural erest 
Neural tube 


By the end of the fifth developmental week, 
the neural tube is almost eompletely elosed. 
In the spinal eord the mantle layer that 
eontains developing neurons and neuroglia 
will produce the gray matter that surrounds 
the neural eavity. As neurons develop in the 
mantle layer, their axons grow toward eentral 
or peripheral destinations. The axons leave 
the mantle layer and travel toward synaptie 
targets within a peripheral marginal layer. 



Neural eavity 
Ependymal layer 
Mantle layer 
Marginal layer 


23 DAYS 


Eventually, the growing axons will 
form bundles, or traets, in the 
marginal layer, and these traets will 
crowd together in the columns that 
form the white matter of the 
spinal eord. 



Neuroepithelial 

(ependymal) 

layer 


Mantle layer 


Marginal layer 


28 DAYS 


By this time, eells of the neural erest have migrated 
to either side of the spinal eord and have formed 
the dorsal root ganglia. The neural erest eells beeome 
sensory neurons and neuroglia (Schwann eells and 
satellite eells). Proeesses from these sensory neurons 
grow both into the periphery, to eontaet reeeptors, 

and into the CNS via the dorsal roots. 


In eaeh segment the axons of developing motor 
neurons form a pair of ventral roots that grow 

away from the spinal eord. 


Distal to eaeh dorsal root ganglion, the motor 
efferents of the ventral root and the sensory 
afferents of the dorsal root are bound together 
into a single spinal nerve. Along much of the 
spinal eord, these nerves share a stereotyped 
pattern of peripheral branehes, and the pattern 
accounts for the distribution of dermatomes. 



Roof plate 
Dorsolateral plate 
Dorsal root 

Dorsal root ganglion 

Ventrolateral plate 
Floor plate 


7 WEEKS 

As the mantle enlarges, the neural eavity beeomes laterally eompressed and relatively 
narrow. The relatively thin roof plate and floor plate will not thieken substantially, 
but the dorsolateral and ventrolateral plates enlarge rapidly. Neurons developing 
within the dorsolateral plate will reeeive and relay sensory information, while those 
in the ventrolateral region will develop into motor neurons. 
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ln addition to forming dorsal root 
ganglia and assoeiated neuroglia, 
neural erest eells migrate around 
the eentral nervous system and 
develop into the spinal and eranial 
meninges. 


Larynx 


Teeth 


Dorsal root ganglia 


Adrenal medulla 


Meninges 


Autonomic ganglia 


Melanoeytes 


7 WEEKS 

(Distributìon of neural erest eells) 


Neural erest eells aggregate to form autonomic ganglia near the vertebral 
column and in peripheral organs. Migrating neural erest eells contribute 
to the formation of teeth and form the laryngeal eartilages, melanoeytes 
of the skin, the skull, eonneetive tissues around the eye, the intrinsie 
muscles of the eye, Schwann eells, satellite eells, and the adrenal medullae. 





CLI NIeAL NOTE 



Developmental 
Abnormalities 




Spina bifida 

Spina bifida (Bl-fi-da) results when the developing vertebral laminae 
fail to unite due to abnormal neural tube formation at that site. The 
neural areh is ineomplete, and the meninges bulge outward beneath 
the skin of the baek. The extent of the abnormality determines the 
severity of the defeets. In mild eases, the eondition may pass unnoticed; 
extreme eases involve much of the length of the vertebral column. 
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Cranial nerves 
and ganglia 


Eye 

Cervical plexus 

Braehial plexus 
Spinal nerves 


Lumbosacral 

plexus 



7 WEEKS 

(Peripheral nerve distribution) 

Several spinal nerves innervate eaeh developing limb. When embryonie 
muscle eells migrate away from the myotome, the nerves grow along 
with them. If a large muscle in the adult is derived from several 
myotomal bloeks, eonneetive tissue partitions will often mark the 
original boundaries, and the innervation will always involve more than 
one spinal nerve. 




Neural tube defeet 


A neural tube defeet (NTD) is a eondition that is seeondary to a 
developmental error in the formation of the spinal eord. Instead of 
forming a hollow tube, a portion of the spinal eord develops as a broad 
plate. This is often assoeiated with spina bifida. Neural tube defeets 
affeet roughly one individual in 1000; prenatal testing ean deteet the 
existence of these defeets with an 80-85 pereent success rate. 
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The Development of the Brain Part I 


Before proeeeding, briefly 
revievv the summaries of 
skull formation, vertebral 
column development, and 
development of the spinal 
eord in the previous 
Embryology Summaries. 


23 DAYS 


Meseneephalon 


Rhombeneephalon Neural tube 


Proseneephalon 


Cephalic 



Neural 

tube 



The initial eephalie expansion occurs as the 
neural tube enlarges, forming three distinet 
brain vesieles: (1) the proseneephalon 
(pros-en-SEF-a-lon) or “forebrain,” (2) the 
meseneephalon or “midbrain,” and (3) the 
rhombeneephalon (rom-ben-SEF-a-lon) 
or “hindbrain.” The proseneephalon and 
rhombeneephalon vvill be subdivided 
further as development proeeeds. 


Even before neural tube formation has been eompleted, the eephalie portion begins to enlarge. Major differenees 
in brain versus spinal eord development include (1) early breakdovvn of mantle (gray matter) and marginal (vvhite 
matter) organization; (2) appearanee of areas of neural cortex; (3) differential grovvth betvveen and vvithin 
speeifie regions; (4) appearanee of eharaeteristie bends and folds; and (5) loss of obvious segmental organization. 



4 WEEKS 


Dieneephalon 

Teleneephalon 


Meseneephalon 



Meteneephalon 


Myeleneephalon 


The proseneephalon forms the teleeephalon (tel-en-SEF-a-lon; telos, end, 

+ enkephalos, brain) and the dieneephalon. The teleneephalon begins as a 
pair of svvellings near the eephalie, posterolateral border of the proseneephalon. 


The rhombeneephalon first subdivides 
into the meteneephalon (met-en-SEF-a-lon; 
meta, after) and the myeleneephalon 
(mT-el-en-SEF-a-lon; myelon, spinal eord). 



5 WEEKS 

Oranial nerves develop as 
sensory ganglia and link 
peripheral reeeptors vvith 
the brain, and motor fibers 
grovv out of developing 
eranial nuclei. Speeial 
sensory neurons of eranial 
nerves I, II, and VIII develop 
in assoeiation vvith the 
developing reeeptors. The 
somatie motor nerves III, IV, 
and VI grovv to the eye 
muscles; the mixed nerves 
(V, VII, IX, and X) innervate 
the pharyngeal arehes. 


N III N IV N V N VII 


Developing ear 
Myeleneephalon 



Pharyngeal 

arehes 


Development of the meseneephalon 
produces a small mass of nervous tissue 
vvith a eonstrieted neural tube, the 
aqueduct of the midbrain. 


As differential grovvth proeeeds and the 
position and orientation of the embryo 
ehange, a series of bends, or flexures 
(FLEK-sherz), appears along the axis of 
the developing brain. 


r 

28 
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8 WEEKS 


The roofs of the 
dieneephalon and 
myeleneephalon fail to 
develop, leaving a thin 
ependymal layer in 
eontaet with the 
developing meninges. 
Blood vessels invading 
these regions form 
areas of the ehoroid 
plexus. 


N III Cephalic flexure N IV 



flexure 


N XI 
N XII 


N I Nll N VI N VII N VIII N IX NX Cervical flexure 


As growth continues and the 
pontine flexure develops, the 
brain beeomes more eompaet. 
The expanding eerebral 
hemispheres now dominate 
the superior and lateral surfaces 
of the brain. Migrating neuroblasts 
form the eerebral cortex, and 
underlying masses of gray matter 
develop into the basal nuclei. 



11 WEEKS 


Oerebral hemisphere 
(teleneephalon) 


Dieneephalon 



Meseneephalon 


Cerebellum 


Pons 


Medulla 

oblongata 


Spinal 

eord 




28 


After 11 weeks, the expanding eerebral hemispheres have 
overgrown the dieneephalon. At the meteneephalon, eortieal 
formation and expansion produce the cerebellum, which 
overlies the nuclei and traets of the pons. 



Cerebral hemisphere 




Pons 

Cerebellum 


Medulla 

oblongata 


CHILD 
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The Development of Speeial Sense Organs, Part I 

All speeial sense organs develop from the interaetion 
between the epithelia and the developing nervous 
system of the embryo. 


VISION 


Neural eavity 


Proseneephalon 
Optie vesiele 
Lens plaeode 




4 WEEKS 


The first indieation of optie 
development appears as a pair of 
bulges ealled optie vesieles in the 
lateral walls of the proseneephalon 
These extend to either side like a 
pair of dumbbells, eaeh eontaining 
a eavity continuous with the 
neural eavity. 


Epidermis 



Optie cup 



Optie stalk 
Lens vesiele 



These bulges beeome indented, forming 
a pair of optie cups, which remain 
eonneeted to the dieneephalon by optie 
stalks. The epidermis overlying the optie 
cup responds by forming a lens plaeode, 
which thiekens and forms another vesiele. 
This lens vesiele beeomes the lens. 


Ohoroid 

Retina 


N II 


Selera 



Mesoderm aggregating around this 
complex forms the ehoroid and 
seleral eoats. The anterior and 
posterior ehambers develop as 
eavities appear within the mesoderm 


OLFAOTION 



Nasal plaeode 


Eye 

Nasal 

plaeode 



5 WEEKS 



Nostrils 



10 WEEKS 


Olfaetory reeeptors begin as a pair of thiekened areas in Over time, the nasal plaeodes 

front of the proseneephalon during the fifth developmental are enfolded and proteeted by 

week. The thiekenings are ealled nasal plaeodes. developing faeial structures. 


GIISTATION 


Epithelial eells Sensory neuron 




Gustatory reeeptors are the least 
speeialized of any of the speeial sense 
organs. Taste buds develop as sensory 
fibers grow into the developing 
mouth and pharynx. 


Taste buds 



When the nerve endings eontaet epithelial eells, 
the epithelial eells differentiate into gustatory 
eells. If the sensory nerves are cut, the taste buds 
degenerate; if the sensory nerve is moved, it will 
stimulate the development of new taste buds at 
its new loeation. 
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Development of Speeial Sense Organs, Part 



EQUILIBRIUM 
AND HEARING 


Neural groove 




28 



Otie plaeode 


Pharynx 


Otie 

plaeode 


Tail 




Late in the third week of development, 
a pair of otie plaeodes appears on 
either side of the rhombeneephalon. 


3 WEEKS 


Neural tube 


Otie vesiele 


Epidermis 



The otie plaeodes form deep 
poekets that subsequently lose 
their eonneetion with the 
epidermis, forming hollow 

otie vesieles. 


4 WEEKS 



Developing 

membranous 

labyrinth 

Ganglia of N VIII 


Pharyngeal pouch 



These vesieles gradually ehange shape, 
forming the membranous labyrinth. 

This proeess has essentially been 
eompleted by the end of the third 
developmental month. 


External pharyngeal 
groove 


6 WEEKS 


Developing ossieles 


Vestibular ganglion 
Spiral ganglion 


Oartilage 


Auditory tube 


Semicircular 

ducts 


Cochlea 


Temporal 

bone 




Thiekened portions of the otie 
vesieles differentiate into the 
spiral and vestibular ganglia, 
and their sensory terminals grow 
toward the developing hair eells. 


External acoustic meatus 


Middle ear eavity 


7 WEEKS 


Auricle 


As these developments are under way, the 
surrounding mesenehyme begins to 
differentiate into eartilage. This eartilage 
will later ossify to form the bony labyrinth. 


Auditory ossieles 


External acoustic meatus 


Tympanie membrane 


Middle ear eavity 


FULLTERM 
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The Development of the Endoerine System Part I 


As noted in Ohapter 3, all seeretory glands, 
whether exocrine or endoerine, are derived 
from epithelia. Endoerine organs develop 
from epithelia (1) eovering the outside of 
the embryo, (2) lining the digestive traet, 
and (3) lining the neural eavity. 


PARATHYROID GLANDS AND THYMIIS 


Eetoderm 


First 

pharyngeal 

pouch 

First 


Pharyngeal Pharyngeal 


arehes 


eleft 


pharyngeal 

eleft 


Endoderm 





Developing 


ear 


The dorsal masses of the third and 
fourth pouches form the parathyroid 
glands. The ventral masses move 
toward the midline and fuse to ereate 
the thymus. 


Cells originating in the walls of the 
small fifth pouch will be ineorporated 
into the thyroid gland (see below), where 
they will differentiate into C thyroeytes. 



Thyroid 


Thymus 


WEEK 5 

The pharyngeal region of the embryo plays a 
particularly important role in endoerine 
development. After 4-5 weeks of development, 
the pharyngeal arehes are well formed. Human 
embryos develop five or six pharyngeal arehes, 
not all visible from the exterior. (Areh 5 may 
not appear or may form and degenerate almost 
immediately.) The five major arehes (1-4, 6) 
are separated by pharyngeal elefts, deep 
eetodermal grooves. 


In seetional view, five pharyngeal pouches extend laterally toward the pharyngeal 
elefts. The first pouch lies caudal to the first (mandibular) pharyngeal areh. 
Pharyngeal pouches 5 and 6 are very small and are intereonneeted. Endoderm 
lining the third, fourth, and fifth pairs of pharyngeal pouches forms dorsal and 
ventral masses of eells that migrate beneath the endodermal epithelium. 


THYROID GLAND 


Eetoderm 

Endoderm 



WEEK 5, midsagittal seetion 


The boundary between eetoderm and 
endoderm lies along the line formed by the 
circumvallate papillae of the tongue. This 
line roughly eorresponds to the middle of 
the mandibular (first) areh. The thyroid gland 
forms here in the ventral midline. 


poeket 



The thyroid gland begins as a poeket in the ventral 
midline. As this poeket branehes slightly, its walls 
thieken, and the paired masses lose their eonneetion 
with the surface. 


C thyroeytes 


As the embryo enlarges and ehanges shape, 
the thyroid shifts caudally to a position near 
the thyroid eartilage of the larynx. On its 
way, the thyroid gland ineorporates C 
thyroeytes from the walls of the fifth pouch. 
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PITLIITARY GLAND 


Developing 
pituitary gland 


Hypothalamus Eetodermal 

poeket 


Anterior Posterior 


lobe 


lobe 


WEEK 5, midsagittal seetion 

The pituitary gland forms in the dorsal 
midline above the forming thyroid gland. 


The pituitary gland has a compound origin. The 
first step is the formation of an eetodermal poeket 
in the dorsal midline of the pharynx. This poeket 
loses its eonneetion to the pharynx, ereating a 
hollow ball of eells that lies inferior to the floor of 
the dieneephalon posterior to the optie ehiasm. 


As these eells undergo division, the eentral ehamber 
gradually disappears. This endoerine mass will 
beeome the anterior lobe (adenohypophysis) of the 
pituitary gland. The posterior lobe (neurohypophysis) 
of the pituitary gland begins as a depression in the 
hypothalamie floor and grows toward the developing 
anterior lobe. 


ADRENALGLANDS 


WEEK 5 


Pharyngeal 

arehes 



Lining of 
eoelomie eavity 


Spinal eord 


Migrating neural 

erest eells 


Dorsal root 


ganglion 


Sympathetie 
ehain ganglion 

Future adrenal 

medulla 


Digestive tube 


Neural erest 
eell mass 




Overlying epithelial eells respond by undergoing 
division, and the daughter eells surround the neural 
erest eells to form a thiek adrenal cortex. 


Sympathetie 

preganglionie 

fibers 


Adrenal 

medulla 


Adrenal 

cortex 


Eaeh adrenal gland also has a compound origin. 
Shortly after the formation of the neural tube, neural 
erest eells migrate away from the CNS. This migration 
leads to the formation of the dorsal root ganglia and 
autonomic ganglia. On eaeh side of the neural 

I eavity, neural erest eells aggregate in a mass that 

will beeome an adrenal medulla. 


28 


Í For additional details eoneerning the development of other 

endoerine organs, refer to the subsequent Embryology Summaries 
on the Lymphatie, Digestive, Llrinary, and Reproductive systems. 
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Development of the Heart 


Pharynx 
Fiitiire perieardial eavity 




Mesoderm 


Pharynx 

Neural groove 

Heart tubes 

Future perieardial 
eavity 


WEEK 2, eross seetion 




During the seeond developmental 
week, the heart eonsists of a pair 
of thin-walled, muscular tubes 
beneath the floor of the pharynx. 


The lateral plate mesoderm in this 
region has already split into 
parietal and viseeral layers, forming 
a spaee that will eventually form 
the perieardial eavity. 



Truncus arteriosus 

Future perieardial 
eavity 

Ventriele 


Left atrial 
primordium 


WEEK 3, ventral view 


WEEK 2, 
lateral view 


By the third week, the heart is pumping and circulating 
blood. The eardiae tubes have fused, producing a 
heart with a single eentral ehamber. Two large veins 
bring blood to the heart, and a single large artery, 
the truncus arteriosus, earries blood to the 
general circulation. 


Right atrium Left atrium 


Future interatrial 
septum 



Opening of 
sinus venosus 


Future interventricular 

septum 





WEEK 5 



Pharynx 

Aortie 

arehes 

Truncus 

arteriosus 


Atrium 


Sinus 

venosus 


In week 5, the interatrial 
and interventricular septa 
begin to subdivide the 
interior of the heart. 


WEEK 4 


Interatrial 

septa 



The heart elongates as the embryo grows larger. It 
curves baek upon itself, forming an S-curve that 
gradually beeomes more pronounced. The atrial 
and ventricular regions already differ in thiekness. 


Foramen ovale 


Left atrium 

Fossa ovalis 
Right atrium 


Two interatrial septa develop, one overlapping 
the other. A gap between the two, ealled the 
foramen ovale, permits blood flow from the 
right atrium to the left atrium. Backflow from 
left to right is prevented by a flap that aets as a 
one-way valve. Llntil birth, this atrial short 
circuit diverts blood from the pulmonary circuit. 


Right ventriele 
Left ventriele 



At birth, the foramen ovale eloses, 
separating the pulmonary and 
systemie circuits in the heart. A 
shallow depression, the fossa ovalis, 
remains through adulthood at the 
site of the foramen ovale. 




28 


AGE 1 YEAR 
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EMBRYOLOGY S U M M ARY 



We will follow the development of three major vessel 
complexes: (1) the aortie arehes, (2) the venae eavae, and 
(3) the hepatie portal and umbilical vessels. (In diagrams of 
prenatal circulation, arteries are shown in red and veins in 
blue regardless of the oxygenation of the blood they earry .) 


THE AORTIC AROHES 


4 WEEKS 


Dorsal aorta 
Aortie arehes 



An aortie areh earries arterial 
blood through eaeh of the 
pharyngeal arehes. In the dorsal 
pharyngeal wall, these vessels 
fuse to ereate the dorsal aortae, 
which distributes blood through- 
out the body. The arehes are 
usually numbered from 1 to 6, 
eorresponding to the pharyngeal 
arehes. 


THE VENAE CAVAE 


The early venous circulation 
draining the tissues of the 
body wall, limbs, and head 
eenters around the paired 

anterior eardinal veins, 
posterior eardinal veins, and 
subcardinal veins. 


THE HEPATIC PORTAL AND UMBILICAL VESSELS 



Aortie arehes 



Left dorsal aorta 
Right dorsal aorta 

Fused dorsal aorta 


Anterior 
eardinal veins 

Heart 


Posterior 
eardinal veins 

Subcardinal 

veins 



Dorsal view 




Paired umbilical arteries deliver 
blood to the plaeenta. At 4 weeks, 
paired iimbilieal veins return blood 
to eapillary networks in the liver. 
Veins mnning along the length of 
the digestive traet have extensive 
intereonneetions. 


Heart 

Liver 

Llmbilieal veins 


Llmbilieal arteries 





4 WEEKS 


Hepatie 
portal vein 


Right umbilical 


vein 



Heart 


12 WEEKS 


Liver 


Ductus venosus 


Left umbilical vein 


Digestive traet 


By week 12, the right umbilical vein disintegrates, and the blood from 
the plaeenta travels along a single umbilical vein. The ductus venosus 
allows some venous blood to bypass the liver. The veins draining the 
digestive traet have fused, forming the hepatie portal vein. 
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Extemal earotid arteries 


Common earotid arteries 


As development proeeeds, some 
of these arehes disintegrate. The 
ductus arteriosus provides an 
external short circuit between the 
pulmonary and systemie circuits. 
Most of the blood entering the right 
atrium bypasses the lungs, passing 
instead through the ductus arteriosus 
or the foramen ovale in the heart. 



Internal earotid 
artery 


Aortie areh 



Ductus arteriosus 
Pulmonary artery 


Right eommon 
earotid artery 

Braehioeephalie 

trunk 

Right subclavian 

artery 


The left half of areh 4 
ultimately beeomes the 
aortie areh, which earries 
blood away from the left 
ventriele. 



Left eommon 
earotid artery 

Left subclavian 
artery 

Ligamentum 

arteriosum 

Pulmonary artery 


Deseending aorta 



Posterior eardinal 

vein 

Inferior vena eava 



Right internal 
and external 
jugular veins 

Superior 
vena eava 




Inferior vena 
eava 


Right eommon 
iliae vein 


intereonneetions form among these veins, and a eom- This proeess continues, ultimately 

bination of fusion and disintegration produces more-direet, producing the superior and inferior 

larger-diameter eonneetions to the right atrium. venae eavae. 



Foramen 

ovale 


Inferior 
vena eava 


Llmbilieal vein 



Ductus 

arteriosus 


Deseending 

aorta 



Hepatie 
portal vein 


Llmbilieal 

arteries 


Lung 

Pulmonary 

artery 

Pulmonary 

vein 

Deseending aorta 
Liver 


FULLTERM 


NEWBORN 


Shortly before birth, blood returning from the plaeenta 
travels through the liver in the ductus venosus to reaeh 
the inferior vena eava. Much of the blood delivered by 
the venae eavae bypasses the lungs by traveling 
through the foramen ovale and the ductus arteriosus. 


At birth, pressures drop in the pleural eavities as the ehest expands and the infant 
takes its first breath. The pulmonary vessels dilate, and blood flow to the lungs 
inereases. Pressure falls in the right atrium, and the higher left atrial pressure eloses 
the valve that guards the foramen ovale. Smooth muscles eontraet the ductus 
arteriosus, which ultimately eonverts to the ligamentum arteriosum, a fibrous strand. 
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EMBRYOLOGY S U M M ARY 


The Development of the Lymphatie System 


The development of the lymphatie 
vessels is elosely tied to the formation 
of blood vessels. 



7 WEEKS 



Paired jugular lymph saes 

form from the fusion of 
small, endothelium-lined 
poekets in the mesoderm 
of the neek. By week 7, 
these saes beeome 
eonneeted to the venous 
system. 


Primordial lymph saes 

are precursors to the 
lymphatie vessels. 


A large median lymph sae 

marks the future loeation 
of the eisterna ehyli. 


THE THYMIIS GLAND 


The thymus forms from eells of 
the third pharyngeal pouch. 
These eells lose their eonneetion 
with the epithelium and divide 
repeatedly. As the embryo 
ehanges shape, the thymie lobes 
are brought together near the 
midline of the ehest. At birth, the 
thymus is relatively large, filling 
much of the anterior 
mediastinum. 


Parathyroid 


Third pharyngeal 

pouch 

Pharynx 


Thyroid 



Pharynx 


Thymus 


Parathyroid 


Esophagus 


8 WEEKS 





6 WEEKS 


Larynx 


Thyroid 


7 WEEKS 


Larynx 


Thyroid 


Traehea 


Thymus 




28 




Right lymphatie 
duct 


Thoraeie duct 


Cisterna ehyli 


As growth continues, the 
isolated lymphatie saes 
fuse, forming the thoraeie 
duct and right lymphatie 
duct. As the limb buds 
enlarge, lymphatie vessels 
grow into the area along 
with developing arteries 
and veins. 


LYMPH NODE FORMATION 


8 WEEKS 


Small blood vessels grow into 
areas where lymphoeytes 
cluster within developing 
lymphatie saes. Connective 
tissue capsules form, and the 
internal organization of a lymph 


node gradually appears. 


Lymphatie 



Lymphoeyte 

cluster 




Lymph vessel 


Capsule 


Lymph node 
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THELUNGS 


Heart 



Pharyngeal pouches 


Pulmonary groove 


Lung buds 


Yolk sae 


3 WEEKS 


A shallow piilmonary groove appears in 
the midventral floor of the pharynx after 
roughly 3/2 weeks of development. This 
groove, which lies near the level of the 
last pharyngeal areh, gradually deepens. 



By week 4, the groove has beeome a 
elosed poeket that extends caudally, 
anterior to the esophagus. This tube will 
beeome the traehea. At its tip, the tube 
branehes, forming a pair of lung buds. 



Bronehioles 




The lung buds 
continue to 
elongate and 
braneh repeatedly 


Alveoli 


By the end of the sixth 
fetal month, there are 
around a million terminal 
branehes, and the 
conducting passageways 
are eomplete to the level 
of the bronehioles. 


3 MONTHS 


Over the next 3 months, eaeh of 
the bronehioles gives rise to several 
hundred alveoli. This proeess continues 
for a variable period after birth. 
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THE PLEIIRAL CAVITIES 




Digestive tube 
Lung buds 


Heart 



4 WEEKS 


The perieardial sae begins 
forming in week 6 as a thin 
pleuropericardial membrane 
forms between the heart and 
the developing lungs. 



Esophagus 

Developing lung 

Pleuropericardial 

membrane 

Heart 


6 WEEKS 


By week 9, the diaphragm 
eompletes its formation, 
forming a transverse sheet 
superior to the liver. 



Heart 

Pericardium 
Left lung 

Diaphragm 

Liver 


9 WEEKS 




Pleural eavity 


Lung 

Heart 

Perieardial eavity 


8 WEEKS 

By week 8, the perieardial sae is eomplete and the perieardial 
eavity is isolated from the rest of the ventral body eavity. The 
diaphragm then attaehes to the perieardial sae and tissues of 
the mediastinum. This attaehment separates the abdomino- 
pelvie eavity from the pleural eavities. 
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The Development of the Digestive System, Part 


Foregut 


Endoderm 




Somite 

Hindgut 

Developing ventral 
body eavity 


Mesoderm 


3 WEEKS 


By week 3, endodermal eells have 
migrated around the inside of the 
blastoeyst, eompleting a pouch 
known as the yolk sae. 


As the embryo forms on the embryonie 
shield, two poekets of endoderm are 
ereated: the foregut and hindgut. A broad 
eonneetion between these poekets and 
the yolk sae remains within the yolk stalk. 


In seetional view, the embryonie gut is 
a simple endodermal tube surrounded 
by mesoderm. Cavities appearing 
within the mesoderm form the ventral 
body eavity. 




4 WEEKS 


Yolk stalk 



Neural tube 


Notoehord 


Dorsal mesentery 


Digestive tube 
Ventral body eavity 


Ventral mesentery 


Body stalk 


The digestive tube remains suspended in the ventral body 
eavity by a dorsal mesentery and a ventral mesentery. 
The ventral mesentery disintegrates everywhere except 
where major vessels or viseeral organs have grown into it. 
It remains intaet along the path of the umbilical arteries 
and where the umbilical vein and liver develop. 


Panereas 




Greater omentum 


Lesser omentum 


As the embryo enlarges, the stomaeh and liver 
rotate toward the right, forming two poekets. 

The mesenteries that form these poekets are the 
greater omentum and the lesser omentum. 




Neural tube 


Aorta 


Panereas 


Liver 


Panereas 

Ventral body 
eavity 

Stomaeh 


The panereas and liver begin as epithelial 
poekets that grow away from the digestive 
traet and into the dorsal and ventral 
mesenteries, respeetively. 


Faleiform ligament 
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EMBRYOLOGY S U M M ARY 




The intestines begin to elongate, and with the 
breakdown of the ventral mesentery, they 
push outward into the umbilical stalk. Further 
elongation and eoiling occur ouside the body 
of the embryo. 


Liver Stomaeh 



Panereas 


Allantois 

Cloaca 

llmbilieal stalk 


The hindgut extends into the tail, where it forms a large ehamber, 
the eloaea. A tubular extension of the eloaea, the allantois 
(a-LAN-tò-is; allantos, sausage), projeets away from the body and 
into the body stalk. Fusion of the yolk stalk and body stalk will 
ereate the iimbilieal stalk, also known as the umbilical eord. 




Small intestine 


Llmbilieal eord 


Llrinary bladder 


10 WEEKS 




8 WEEKS 


Entranee to 
traehea 


Esophagus 


Llrogenital 

sinus 

Rectum 


A partition grows aeross the eloaea, dividing it into 
a posterior rectum and an anterior urogenital sinus 
that retains a eonneetion to the allantois. 


By week 10, the intestines have begun moving baek into 
the viseeral eavity, although they continue to grow longer. 
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The kidneys develop in stages along the 
axis of the iirogenital ridge, a thiekened 
area beneath the dorsolateral wall 
of the eoelomie eavity. 



Pronephros 


Mesonephros 


Metanephros 

Cloaca 


Kidney development 
proeeeds along the 
cranial/caudal axis of 
this ridge, beginning 
with the formation of 
the pronephros, 
continuing along the 
mesonephros, and 
ending with the 
development of the 
metanephros. 


3V 2 WEEKS 


The pronephros eonsists of a 
series of tubules (generally 7 
pairs) that appears within 
the nephrotome, the narrow 
band of mesoderm between 
the somites and the lateral 
eetodermal plate. 




Nephrotome 


Neural tube 

Notoehord 

Somite 


Pronephrie tubule 


Pronephrie duct 


Lateral plate mesoderm 


The pronephrie tubules are very small and nonfunctional, and 
they disintegrate almost at onee. The only signifieant contribution 
of the pronephros is the formation of a pair of pronephrie ducts 
that grow caudally until they eonneet to the eloaea. 



4 WEEKS 



Pronephros 



Developing aorta 


Mesonephros 


Mesonephrie duct 
Mesonephrie tubule 


Mesonephrie 

duct 


Metanephros 


Nephrotomal mesoderm of the metanephros forms a 
dense mass without a traee of segmental organization. 
This will beeome the functional adult kidney. 


After approximately 4 weeks of development, the mesoderm 
midway along the urogenital ridge begins organizing into the 
mesonephros. On either side of the midline, approximately 70 
tubules develop within these segments. These tubules grow 
toward the adjaeent pronephrie duct and fuse with it. From 
this moment on, the duct is ealled the mesonephrie duct. 
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EMBRYOLOGY S U M M ARY 



6 WEEKS 


A ureteric bud, or metanephrie diverticulum, forms in the 
wall of eaeh mesonephrie duct, and this elosed tube elongates 
and branehes within the adjaeent metanephros. Tubules 
developing within the metanephros then eonneet to the 
terminal branehes of the ureteric bud. 



Most of the metabolie wastes produced by the developing embryo are passed 
aeross the plaeenta to enter the maternal circulation. The small amount of 
urine produced by the kidneys accumulates within the eloaea and the 
allantois, an endoderm-lined sae that extends into the umbilical stalk. 



Renal 

corpuscle 


Mesonephrie 

duct 


Glomerulus 


In eaeh segment, a braneh of the aorta grows toward 
the nephrotome, and the tubules form large nephrons 
with enormous glomemli. Like the pronephros, the 
mesonephros does not persist, and when the last 
segments of the mesonephros are forming, the first 
are already beginning to degenerate. 



Mesonephrie duct 


Degenerating mesonephros 


Llrinary 

bladder 

Llrogenital 

sinus 

Rectum 



Developing 

metanephros 


£ 




Nephron 


Collecting tubule 
Collecting duct 



Major calyx 



Llreterie 

bud 



Collecting 

system 


Metanephros 


Llreter 



8 WEEKS 


12 WEEKS 


Near the end of the seeond developmental month, the 
eloaea is subdivided into a dorsal rectum and a ventral 
urogenital sinus. The proximal portions of the allantois 
persist as the urinary bladder, and the eonneetion between 
the bladder and an opening on the body surface will form 
the urethra. 


The ureteric bud branehes within 
the metanephros, forming the 
ealyees and the eolleeting system. 
The nephrons, which form within 
the mesoderm of the metanephros, 
tap into the eolleeting tubules. 


The kidneys begin producing filtrate by the third 
developmental month. The filtrate does not eontain 
waste products, as they are excreted by the plaeenta 
for removal and elimination by the maternal kidneys. 
The sterile filtrate mixes with the amniotie fluid and 
is swallowed by the fetus and reabsorbed aeross the 
lining of the digestive traet. 
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DEVELOPMENT OF THE GONADS 


Migrating 

endodermal 

eells 



Gut 


Yolk sae 


IL 

1L\ Allantois 


Genital 

ridge 


A f 

I V 
1 ! : 
f / 


i\ 



■P I 


3 WEEKS 



Aorta 


Primary 
sex eords 



Mesonephrie Paramesonephrie 


duct 


duct 


During the third week, endodermal eells migrate from the 
wall of the yolk sae near the allantois to the dorsal wall of 
the abdominal eavity. These primordial germ eells enter 
the genital ridges that parallel the mesonephros. 


Eaeh ridge has a thiek epithelium continuous with columns of eells, the primary sex eords, 
that extend into the eenter (medulla) of the ridge. Anterior to eaeh mesonephrie duct, a duct 
forms that has no eonneetion to the kidneys. This is the paramesonephrie (MOIIerian) duct; 
it extends along the genital ridge and continues toward the eloaea. At this sexually indifferent 
stage, male embryos eannot be distinguished from female embryos. 


DEVELOPMENT OF DUCTS AND ACCESSORY ORGANS 


Both sexes have mesonephrie and paramesonephrie ducts 
at this stage. Llnless exposed to androgens, the embryo— 
regardless of its genetie sex—will develop into a female. In 
a normal male embryo, eells in the eore (medulla) of the 
genital ridge begin producing testosterone sometime after 
week 6. Testosterone triggers the ehanges in the duct system 
and external genitalia. 



Paramesonephrie duct 
Mesonephrie duct 
Gonad 


Kidney 


Cloacal opening 


DEVELOPMENT OF EXTERNAL GENITALIA 


Genital tubercle 


Cloacal fold 
Cloacal membrane 




4 WEEKS 



6 WEEKS 


Llrethral fold 
Llrogenital membrane 

Genital swelling 


Anal fold 


After 4 weeks of development, there are mesenehymal swellings 
ealled eloaeal folds around the eloaeal membrane (the eloaea 
does not open to the exterior). The genital tubercle forms the 
glans of the penis in males and the elitoris in females. 


Two weeks later, the eloaea has been subdivided, separating the eloaeal 
membrane into a posterior anal membrane, bounded by the anal folds, 
and an anterior urogenital membrane, bounded by the urethral folds. 
A prominent genital swelling forms lateral to eaeh urethral fold. 
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EMBRYOLOGY S U M M ARY 




7 WEEKS 12 WEEKS 


In the male, the primary sex eords proliferate and the Connections form betvveen the arehing testis eords and the adjaeent 

germ eells migrate into the sex eords. The resulting mesonephrie nephrons. Although these nephrons later degenerate, 

testis eords vvill form the seminiferous tubules. the seminiferous tubules remain eonneeted to the mesonephrie duct. 


DEVELOPMENT OF MALE DUCTS AND ACCESSORY ORGANS 


Developing 

testis 

Testis eords 


Mesonephrie 

duct 



Rete testis 


Paramesonephrie 

duct 


Testis 


Mesonephros 



Paramesonephrie 
duct degenerates 



Prostate 



v 


Mesonephrie duct 
(beeomes ductus deferens) 


Llrogenital sinus 


Seminal 

gland 


Ductus 

deferens 



. — Testis 

Epididymis 


4 MONTHS 


A vievv of the testis and ducts of the left 
side as seen in frontal seetion. Note the 
loeation and orientation of the mesonephros 
relative to the developing testis. 


After 4 months of development, the testis eords 
are eonneeted to the remnants of the mesonephrie 
tubules by the rete testis. The paramesonephrie 
(MOIIerian) duct has degenerated. 


7 MONTHS 

Definitive organization after the testis has 
deseended into the scrotum. Note the 
relationships betvveen the definitive sex 
organs and the embryonie structures. 



DEVELOPMENT OF MALE EXTERNAL GENITALIA 


Llrethral folds 

Serotal 

svvelling 


Anus 




External urethral 
orifiee 

Glans of 
penis 

Line of 
fusion 


Scrotum 


10 WEEKS 


BIRTH 


At 10 vveeks, the genital tubercle has enlarged, the tips of the 
urethral folds are moving together to form the spongy urethra 
(see seetional vievvs), and paired serotal swellings 
have developed from the genital svvellings. 


In the nevvborn male, the line of fusion 
betvveen the urethral folds is quite evident. 
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The Development of the Reproductive System 

Development of the Female Reprodiietive System 




DEVELOPMENT OF THE OVARIES 


12 WEEKS 


Primary 

sex eords Cortex 

7 WEEKS 


Primordial 
germ eells 


In the female embryo, the primary sex eords degenerate 
and the primordial germ eells migrate into the outer 
region (cortex) of the genital ridge. 


llterine tube 


Mesonephrie 

duct 

Degenerating 
primary sex eords 


DEVELOPMENT OF FEMALE DUCTS AND ACCESSORY ORGANS 


Cortex of 
ovary 



Degenerating 

mesonephrie 

tubules 


Mesonephros 


Paramesonephrie 
(Mullerian) duct 


llrogenital sinus 



7 WEEKS 


Uterus 


10 WEEKS 


Peritoneal 
opening of 
uterine tube 


Mesonephrie tubule 

remnants 

Ovarian ligament 



Uterus 


Vagina 



BIRTH 


Uterine tube (from 
paramesonephrie 


The mesonephrie tubules and duct degenerate; the paramesonephrie (MOIIerian) duct 
develops a broad opening into the peritoneal eavity. Note the fusion of the ducts and the 
separation of the eommon ehamber, which will form the uterus, from the urogenital sinus. 


DEVELOPMENT OF FEMALE GENITALIA 



7 WEEKS 


Genital tubercle 


Genital swelling 

Urethral fold 

Urogenital 

membrane 



Anus 



BIRTH 


eiitoris 
Labia minora 


Urethra 
Labia majora 

Opening 
to vagina 

Hymen 


In the female, the urethral folds do not fuse; they develop into the labia minora. 
The genital swellings will form the labia majora. The genital tubercle develops 
into the elitoris. The urethra opens to the exterior immediately posterior to the 
elitoris. The hymen remains as an elaboration of the urogenital membrane. 


COMPARISON OF MALE AND FEMALE GENITALIA 

MALE 

FEMALE 

Penis 

Corpora eavernosa 

Corpus spongiosum 

Proximal shaft of penis 

Spongy urethra 

Clitoris 

Ereetile tissue 

Bulbs of vestibule 

Labia minora 

Vestibule 

Bulbo-urethral glands 

Greater vestibular glands 


Serotiim Labia majora 
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Study Outline 


lntroduction p. 740 

Development is the gradual modifieation of physieal and physiologieal 
eharaeteristies from eoneeption to maturity. The formation of different 
eell types during development is ealled differentiation. 

28.1 An Overvievv of Development p. 740 

Development begins at fertilization (eoneeptiori) and ean be 
divided into prenatal (before birth) and postnatal (birth to 
maturity) development. 

28.2 Fertilization p. 740 

Fertilization normally occurs in or near the junction betvveen 
the ampulla and isthmus of the uterine tube vvithin a day after 
ovulation. Sperm eannot fertilize an ooeyte until they have 
undergone eapaeitation. Around 200 million sperm are ejaculated 
into the vagina # and only around 100 will reaeh the ampulla. A man 
with fewer than 20 million sperm per milliliter is functionally sterile. 

The Ooeyte at Ovulation p. 740 

The aerosomes of the sperm release hyaluronidase # an enzyme 
that separates eells of the eorona radiata and exposes the ooeyte 
membrane. When a single sperm eontaets that membrane # 
fertilization occurs and ooeyte aetivation follows. (See Figure 28.1.) 

Pronucleus Formation and Amphimixis p. 740 

During activation # the seeondary ooeyte eompletes meiosis. The 

female pronucleus then fuses with the male pronucleus # a 

proeess ealled amphimixis. fSee Figure 28.1.) 


rapid-transit system linking the embryo with the trophoblast. (See 
Figures 28.4 and 28.5.) 

ehorionie villi extend outward into the maternal tissues # forming 
a branehing network around which maternal blood flows. The 
body stalk and the yolk stalk eonneet the embryo with the 
ehorion and the yolk sac # respeetively. The umbilical eord 
eonneets the fetus to the plaeenta. Blood flow occurs through the 
umbilical arteries and the umbilical vein # and diffusion occurs at the 
ehorionie villi. The plaeenta synthesizes HCG # estrogens # progestins # 
HPL # and relaxin. fSee Figures 28.5 and 28.6.) 

The embryo, which has a head fold and a tail fold # wi11 undergo 
eritieal ehanges in the first trimester. Events in the first 12 weeks 
establish the basis for organogenesis (organ formation). (See 
Figures 28.5b f c and 28.7 and Table 28.2.) 

Development of fully functional fetal organ systems is eompleted 
by the end of the third trimester. (See Table 28.2 and Embryology 
Summaries.) 

The Seeond and Third Trimesters p. 746 

ln the seeond trimester # the organ systems near functional 
eompletion and the fetus grows rapidly. During the third 
trimester, the organ systems beeome functional and the fetus 
undergoes its largest weight gain. (See Figures 28.7-28.9, Table 
28.2, and Embryology Summaries.) 

28.4 Labor and Delivery p. 752 

The goal of true labor is parturition # the foreible expulsion of the 
fetus. 


28.3 Prenatal Development p. 742 

The 9-month gestation period ean be divided into three 
trimesters, eaeh 3 months in duration. 

The First Trimester p. 742 

The first trimester is the most eritieal period in prenatal 
life. eieavage subdivides the eytoplasm of the zygote in a 
series of mitotie divisions; the zygote beeomes a blastoeyst. 
During implantation the blastoeyst burrows into the uterine 
endometrium. Plaeentation occurs as blood vessels form around 
the blastoeyst and the plaeenta appears. Embryogenesis is the 
formation of a viable embryo. 

The blastoeyst eonsists of an outer trophoblast and an inner eell 
mass, which is clustered at one end next to a hollow eavity (the 
blastoeoele). (See Figure 28.2 and Table 28.1.) 


When the blastoeyst adheres to the uterine lining # the trophoblast 
next to the endometrium undergoes ehanges and beeomes a 
syneytiotrophoblast, which then erodes a path through the uterine 
epithelium. As the trophoblast enlarges and spreads # maternal blood 
flows through trophoblastie channels # or lacunae. The blastoeyst 
organizes into layers and beeomes a blastodise. After gastmlation, 
the blastodise eontains an embryo eomposed of endoderm, 
eetoderm, and an intervening mesoderm. These germ layers help 
form four extra-embryonic membranes: the yolk sac # amnion # 
allantois # and ehorion. fSee Figures 28.3-28.5 and Table 28.1.) 



The yolk sae is an important site of blood eell formation. The 
amnion eneloses fluid that surrounds and cushions the developing 
embryo. The base of the allantois later gives rise to the urinary 
bladder. Circulation within the vessels of the ehorion provides a 


Stages of Labor p. 752 

Labor ean be divided into three stages: dilation stage, expulsion 
stage, and plaeental stage. The dilation stage # in which the cervix 
dilates # usually lasts 8 or more hours. The expulsion stage involves 
the birth (delivery) of the fetus. The plaeenta is ejeeted during the 
plaeental stage. (5ee Figure 28.10.) 

Premature Labor p. 754 

Premature labor occurs before the fetus has eompletely 
developed. A premature delivery produces a newborn weighing 
over 1 kg # which may or may not survive. 

28.5 The Neonatal Period p. 755 

The neonatal period extends from birth to 1 month of age. 

In the transition from fetus to neonate, the respiratory # 
circulatory # digestive # and urinary systems undergo tremendous 
ehanges as they begin functioning independently. The newborn # s 
metabolie rate increases # and body temperature shifts hourly. 

28.6 Embryology of Organ Systems p. 756 

Embryonie primordia and their derivatives have definite 
relationships to eaeh other and to other developing structures. 
Because of these relationships # early anatomieal patterns develop. 

These anatomieal patterns persist into the newborn and adult. As a 
result # the derivatives of embryonie primordia relate to eaeh other 
in the adult in the same manner as they did in the developing 
embryo. 
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ehapter Revievv 


For ansvvers, see the blue Ansvvers tab at the baek of the book. 


Level 1 Revievving Faets and Terms 

Mateh eaeh numbered item with the most 
elosely related lettered item. 

1. eorona radiata. __ 

2. hyaluronidase. _ 

3. seeond trimester. _ 

4. expulsion stage. _ 

5. ooplasm . _ 

6. third trimester. _ 

7. first trimester. _ 

8. parturition. _ 

9. dilation stage. _ 

10. episiotomy. . 

(a) begins with the onset of true labor 

(b) begins as the cervix dilates eompletely 

(e) birth 

(d) eharaeterized by rapid fetal growth 

(e) ineision through the perineal musculature 

(f) layer of folIicular eells around the ooeyte 

(g) enzyme in the aerosome 

(h) eytoplasm of the ooeyte 

(i) time of embryonie/early fetal development 

(j) eharaeterized by the continued 
development of organ systems 

11. Identify the two extra-embryonic 
membranes and the three different 
regions of the endometrium at week 10 of 
development in the following diagram. 

(a)_ (b)_ 

(e) _ (d)_ 

(e)_ 



12. During amphimms, 

(a) sperm beeome eapaeitated. 

(b) the ovum finishes meiosis II. 

(e) the male and female pronuclei fuse. 

(d) meiosis occurs. 

13. During the first trimester of development, 

(a) the fetal lungs begin to proeess air. 

(b) the beginnings of all the major organ 
systems begin to appear. 

(e) the organs and organ systems eomplete 
their development. 

(d) the fastest period of fetal growth occurs. 


14. The proeess of eell division that occurs after 
fertiIization is ealled 

(a) eleavage. (b) implantation. 

(e) plaeentation. (d) embryogenesis. 

15. A blastoeyst is a(n) 

(a) extra-embryonic membrane that forms 
blood vessels. 

(b) solid ball of eells. 

(e) hollow ball of eells. 

(d) portion of the plaeenta. 

16. During the seeond trimester, the most 
signifieant event that permits the mother to 
realize that she is earrying a fetus within her 
body is that 

(a) the fetal brain begins to grow greatly. 

(b) the fetus begins to move inside the uterus. 

(e) eye and ear basie structures form. 

(d) articulations between joints appear. 

17. The hormone that is the basis for pregnaney 
tests is 

(a) LH. 

(b) progesterone. 

(e) human ehorionie gonadotropin (HCG). 

(d) human plaeental laetogen (HPL). 

18. The first stage of labor is the_stage. 

(a) dilation (b) expulsion 

(e) plaeental (d) decidual 

19. The extra-embryonic membrane that forms 
the urinary bladder is the 

(a) yolk sae. 

(b) allantois. 

(e) amnion. 

(d) ehorion. 

20. During implantation, the 

(a) syneytiotrophoblast erodes a path 
through the endometrium. 

(b) inner eell mass begins to form the 
plaeenta. 

(e) maternal blood vessels in the 
endometrium are walled off from the 
blastoeyst. 

(d) entire trophoblast beeomes syneytial. 

Level 2 Revievving Concepts 

1. What would be the fate of an embryo if the 
ehorion failed to form properly? 

(a) There would be an insufficient number 
of blood eells formed # and the infant 
would need a transfusion at birth. 

(b) There would be no effeet; the allantois 
would assume the function. 

(e) There would be no proteetive cushion 
of fluid surrounding the embryo, which 
would be subjected to injury within the 
uterus. 

(d) The embryo would be unable to reeeive 
nutrients and oxygen in sufficient 
amounts # and the pregnaney might 
terminate spontaneously. 


2. What would be the effeet of a direet 
eonneetion between the blood supply of the 
ehorionie villi and the basal decidua of the 
plaeenta? 

(a) There would be normal development, as 
this is usually what occurs. 

(b) An ineompatibility reaetion that could 
damage the fetus is possible. 

(e) Fetal growth would be slowed. 

(d) The fetus would grow faster than usual. 

3. The stage of development that follows 
eleavage is the 

(a) blastoeyst. 

(b) morula. 

(e) trophoblast. 

(d) blastoeoele. 

4. What is cleavage # and in which trimester 
does it occur? 

5. What is the primitive streak? 

6. Deseribe the effeets of human ehorionie 
gonadotropin. Where and when is it produced? 

7. What occurs during amphimixis? 

8. Which extra-embryonic membrane is 
important for blood eell formation? 

9. Deseribe the proeess of organogenesis. 

10. Why is the first trimester eonsidered a 
eritieal period? 

Level 3 Critical Thinking 

1. Joe and Jane desperately want to have children # 
and although they have tried for 2 years # 

they have not been successful. Finally, eaeh 
of them consults a physieian, and it turns out 
that Joe has oligospermia (low sperm count). 

He eonfides to you that he doesn't understand 
why this would interfere with his ability to 
have ehildren sinee he remembers from biology 
elass that it only takes one sperm to fertilize an 
ooeyte. What should you tell him? 

2. The virus that causes rubella # or "German 
measles # " has been reeognized for deeades 
as a powerful teratogen (agent that causes 
malformation of an embryo). During which 
trimester of pregnaney would it be most 
dangerous for pregnant women to be 
exposed to this pathogen? Why? 
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CLINICAL CASE I WRAP-UP 

L___I_ A 


The Least-Alike Twins 

The winners of the prize for the "least-alike" twins are named 
Mayii and Roehira's. The girls traveled from Moline, lllinois to 
Twinsburg to attend the Twins Days Festival. 

Mayu and Ruchira's parents used the serviees of a prestigious fertility 
elinie in the llnited States. Their mother's ovaries were hormonally 
stimulated f and the released seeondary ooeytes were harvested via 
laparoseopie surgery f a minimally invasive technique using a fiber-optie 
instmment inserted through the abdominal wall. These ooeytes were 
then fertilized with sperm in the laboratory. On the sixth post-fertilization 
day—eoineiding with the time a fertilized blastoeyst would be finishing its 
journey through the uterine tube into the uterus—two blastoeysts were 
transferred to the mother's uterus. Both had a successful implantation, 
plaeentation, embryogenesis, fetal development, and birth. 

Why f then # do Mayu and Ruchira look so different? As it turned 
out f the teehnieian performing the in vitro fertiIization aeeidentally used 
a previously used pipette to transfer the sperm. The couple who visited 
the elinie just before Mayu 7 s and Ruchira's parents were Afro-earibbean, 
and the man's sperm was still present in the pipette. As a result f one 
ooeyte was fertilized by sperm from a Caucasian man, and the other was 
fertilized by sperm from an African-Caribbean man. 

1. Why were the fertilized blastoeysts implanted in Mayu's and 
Ruchira # s mother on the sixth day after ovulation? 

2. Are Mayu and Ruchira monozygotie twins or dizygotie twins? 

See the blue Ansvvers tab at the baek of the book. 




Related dinieal Terms 


edampsia: A eondition in which one or more 
convulsions occur in a pregnant woman 
suffering from high blood pressure f often 
followed by eoma and posing a threat to 
the health of mother and baby. 

infertilìty: The inability to aehieve pregnaney 
after engaging in 1 year of appropriately 
timed intercourse. 

in vitro fertilization: FertiIization outside the 
body f generally in a Petri dish. 

gamete intrafallopian transfer (GIFT): An 

assisted reproductive procedure in which 
a woman's eggs are removed, mixed with 
sperm, and replaeed into the woman's 
uterine tube where the fertiIization takes 
plaee, ratherthan in the laboratory. 


oligodaetyly: The presenee of fewer than five 
digits on one or more limbs at birth. 

plaeenta abmptio: Condition in which there 
is separation of the plaeenta from the 
uterine site of implantation before delivery 
of the baby. 

plaeenta previa: Condition during pregnaney 
in which the plaeenta is abnormally plaeed 
so as to totally or partially eover the cervix. 

polydaetyly: A physieal abnormality in which 
the person has more than five fingers or 
toes on one or more limb. 

pre-edampsia: Aeondition in pregnaney 
eharaeterized by sudden hypertension, 
albuminuria # and edema of the hands # 


feet # and faee. It is the most eommon 
eomplieation of pregnancy # affeeting about 
5 pereent of pregnaneies. 

therapeutic doning: A procedure that 
usually takes skin eells from a patient # and 
inserts a skin eell nucleus into a fertilized 
egg whose nucleus has been removed to 
ereate a new eell. That new eell divides 
repeatedly to form a blastoeyst from which 
stem eells ean be extracted to grow new 
tissue that is genetieally matehed to the 
patient. 
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Ansvvers to Concept Checks, ehapter Revievvs, 
and dinieal Case Wrap-Ups 


An lntroduction to Anatomy 


Concept Check 

Page 2 

1. Histologists study the structure and properties of tissue. 

2. Tissues in eombination form organs. Organs are anatomieal units that have multiple 
functions. 

Page 2 

3. A gross anatomist investigates organ systems and their relationships to the body as a whole, 
while a histologist investigates the structure and properties of tissue. 

4. An organ system is a group of organs that function together to produce eoordinated effeets. 
These eoordinated effeets are system-wide; therefore, the study of anatomy organized by organ 
systems is known as systemie anatomy. 

Page 5 

5. Surgical anatomy studies anatomieal landmarks important for surgical procedures, while 
elinieal anatomy focuses on anatomieal features that may undergo reeognizable pathologieal 
ehanges during illness. 

6. Cross-sectional anatomy is a subspecialty of gross anatomy. 

Page 7 

7. Because there are interaetions among organ systems, a patient exhibiting eyanosis may have a 
problem with his or her lungs or heart. A lung problem could cause insufficient oxygen intake, 
and a heart problem would result in insufficient blood delivery to the tissues. 

Page 14 

8. Differentiation is the gradual appearanee of eharaeteristie cellular speeializations during 
development as the result of gene aetivation or repression. 

9. These eomponents are found within the integumentary system. 

Page 19 

10. If you broke your antebrachium, you broke your forearm. 

11. Groin = inguen or inguinal region, buttock = gluteus or gluteal region, and hand = manus or 
manual region. 

12. A midsagittal seetion would separate the two eyes. 

13. Mesenteries are double sheets of serous membranes in the peritoneal eavity that provide blood 
supply, lubrication, support, and stability for organs (stomaeh, small intestine, and parts of the 
large intestine) while permitting limited movement. 

14. The body eavity inferior to the diaphragm is the abdominopelvie eavity. 

ehapter Revievv 

Level 1 Reviewing Faets and Terms 

1. e 2. d 3. f 4. g 5. b 6. e 7. a 8. a. frontal or eoronal; b. sagittal; e. transverse, horizontal, or 

eross-seetional 9. a. pleural; b. perieardial; e. abdominal; d. pelvie 10. b 11. e 12. b 13. b 

Level 2 Revievving Concepts 

1. a 

2. All living organisms have the same basie functions: responsiveness, growth and differentiation, 
reproduction, movement, metabolism, and excretion. 

3. See Figure 1.10. 

4. b 

5. b 

6. In large organisms with speeialized organ systems that perform absorption, respiration, 
and excretion in different regions of the body, there must be a means of internal transport 
for these products. The vascular system provides that transport. Passive proeesses such 

as diffusion and osmosis would occur too slowly to permit the organism to function and 
remain alive. 

Level 3 Critical Thinking 

1. A disruption of cellular division within the red bone marrow will result in the production of 
too few red blood eells (anemia) or too many red blood eells (polyeythemia) within the vessels 
of the cardiovascular system. Anemia will affeet the amount of oxygen earried to peripheral 
tissues, thereby affeeting overall metabolism. Polyejdhemia will produce altered peripheral 
metabolism due to the “elogging” of blood vessels by the inereased number of eells attempting 
to get through peripheral eapillaries. 

2. The body systems affeeted are the digestive, respiratory, and skeletal systems. The anatomieal 
speeialties involved include surface anatomy, regional anatomy studies, systemie anatomy, 
eomparative anatomy, and developmental anatomy. 


Answers to Ginieal Case Wrap-Up 


Page 26 

1. The hip fracture is proximal to the more distal ankle fracture. 

2. The spleen is loeated in the left hypoehondriae region, or the left upper quadrant (LUQ). 
A elinieal clue to this life-threatening injury is the multiple rib fractures on the left side. 




Concept Check 

Page 42 

1. Seleetively permeable is the term used to deseribe the permeability of the plasma membrane. 

2. The three types of endoeytosis are pinoeytosis, phagoeytosis, and reeeptor-mediated endoeytosis. 
Pinoejdosis is the formation of vesieles filled with extracellular fluid. Phagoeytosis produces 
vesieles eontaining solid objeets. Reeeptor-mediated endoeytosis resembles pinoeytosis but is 
very seleetive: The eoated vesieles eontain a speeifie target molecule in high eoneentrations 
bound to reeeptors on the membrane surface. 

3. The two subdivisions of the eytoplasm are (1) the eytosol, which is the intracellular fluid 
eontaining dissolved nutrients, ions, proteins, and wastes, and (2) organelles, which are 
structures that perform speeifie functions within the eell. 

4. Mitoehondria produce ATP. The number of mitoehondria in a particular eell varies depending 
on the eell’s energy demand. If a eell eontains many mitoehondria, the energy demands for the 
eell are very high. 

5. Cells in the ovaries and testes eontain large amounts of smooth endoplasmie reticulum (SER) 
because it is used to synthesize steroid hormones. 

Page 42 

6. Communicating junctions are ehanneled proteins, which allow the passage of ions, small 
metabolites, and regulatory molecules from eell to eell. The passage of these substances from 
eell to eell helps to faeilitate the eoordination of cellular functions. 

7. At tight junctions the lipid portions of two plasma membranes are tightly bound together. 

Page 44 

8. Cell division is a form of cellular reproduction that results in an inerease in eell number. 

9. Mitosis is a proeess that occurs during the division of somatie eells. It is the accurate 
duplication of the eell’s genetie material and the distribution of one eopy to eaeh of the two 
new daughter eells. It is divided into prophase, metaphase, anaphase, and telophase. 

10. Interphase ean be divided into the Gi, S, and G 2 phases. In the G^ phase, the eell manufactures 
organelles and eytosol to make two functional eells. During the S phase, the eell replieates 
its ehromosomes. The G 2 phase is a time for last-minute protein synthesis before mitosis. An 
interphase eell in the G 0 phase is not preparing for mitosis, but is performing all other normal 
eell functions. Mitosis eonsists of four stages: prophase, metaphase, anaphase, and telophase. 

In prophase, the spindle fibers form and the nuclear membrane disappears; in metaphase, the 
ehromatids line up along the metaphase plate; in anaphase, the ehromatids separate and move 
to opposite poles of the spindle apparatus; and in telophase, the nuclear membrane reappears 
and ehromosomes uncoil as the daughter eells separate through eytokinesis. 

ehapter Review 

Level 1 Revievving Faets and Terms 

1. e 2. g 3. h 4. b 5. d 6. i 7. e 8. f 9. a 10. b 11. e 12. d 13. See Figure 2.1 14. d 

13. b 16. e 17. e 18. b 

Level 2 Revievving Concepts 

1. The nuclear membrane partially separates the nucleoplasm from the eytosol, which is neeessary 
to permit and promote speeifie nuclear functions. 

2. The three basie eoneepts of the eell theory are the following: (1) Cells are the structural 
“building bloeks” of all plants and animals; (b) eells are produced by the division of pre- 
existing eells, and (e) eells are the smallest structural units that perform all vital functions. 

3. The three passive proeesses by which substances get into and out of eells are diffusion, osmosis, 
and faeilitated diffusion. 

4. Similarities: Both proeesses utilize earrier proteins. Differenees: In faeilitated diffusion, 
substances move down their eoneentration gradients (from high to low eoneentration), 
and this proeess does not utilize energy obtained by the splitting of ATR In aetive transport, 
substances move against their eoneentration gradients (low to high eoneentration), a proeess 
requiring the energy provided by the splitting of ATP. 

5. The three major faetors that determine whether a substance ean diffuse aeross a plasma 
membrane are the size of the molecule, the eoneentration gradient aeross the membrane, and 
the solubility of the molecule. 
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6. Organelles are structures that perform speeifie functions within the eell. Organelles ean be 
divided into two broad eategories: (1) nonmembranous organelles, which are always in eontaet 
with the eytoplasm, and (2) membranous organelles, which are surrounded by membranes that 
isolate their eontents from the eytoplasm. 

7. a. interphase; b. early prophase; e. late prophase; d. metaphase; e. anaphase; f. telophase; 
g. eytokinesis 

8. The four general functions of the plasma membrane are the following: (1) physieal isolation, 
(2) regulation of exchange with the environment, (3) sensitivity, and (4) structural support. 



Level 3 Critical Thinking 

1. Skin eells are tightly held together by abundant desmosomes, very strong eell junctions that ean 
resist twisting and stretehing or breaking apart. 

2. Sinee the transport of the molecule is against the eoneentration gradient (that is, from lower to 
higher eoneentration) and requires energy to move aeross the membrane, this type of transport 
is ealled aetive transport. 

3. Solution A must have initially had more solutes than solution B. As a result, water moved by osmosis 
aeross the seleetively permeable membrane from side B to side A, inereasing the fluid level on side A. 


Ansvvers to dinieal Case Wrap-Up 



Page 48 


1. No, jessiea’s red blood eells have no mitoehondria and therefore are not affeeted by her 
mitoehondrial disease. Every other eell in her body, however, is affeeted. 

2. Because the nucleus eontains the genetie material, it had to be removed (enucleated) so that 
the surrogate’s genetie material was not passed on to jessiea’s offspring. 


3 FOLINDATIONS 

Tissues and Early Embryology 


Concept Check 


Page 76 

13. As tissues age, repair and maintenanee beeome less effieient, and the structure and ehemieal 
eomposition of many tissues ehange. 


ehapter Revievv 

Level 1 Revievving Faets and Terms 

1. j 2. h 3. a 4. e 5. f 6. g 7. i 8. b 9. e 10. d 11. a. transitional epithelium; b. tendon; 

e. hyaline eartilage; d. skeletal muscle; e. smooth muscle 12. e 13. e 14. d 15. d 16. e 17. a 18. d 

Level 2 Revievving Concepts 

1. A single eell is the unit of structure and function, whereas groups of eells work together as units 
ealled tissues (eolleetions of speeial eells and eell products that perform limited functions). 

2. A tendon is made of eords of dense regular eonneetive tissue that attaeh a skeletal muscle to a 
bone. Ligaments resemble tendons, but they usually eonneet one bone to another bone. They 
also eontain signifieantly more elastie fibers than tendons. 

3. Exocrine seeretions occur in ducts that lead onto surfaces; endoerine seeretions occur in the 
interstitial fluid and then enter into blood vessels. 

4. The presenee of the eilia at the surface of the epithelium means that the mucous layer, which 
rests on the epithelium surface, will be kept moving and the respiratory surface will be kept 
elean (or elear). 

5. While a tendon is made of eords of dense regular eonneetive tissue, an aponeurosis is made of 
a sheet or ribbon of eonneetive tissue that resembles a flat tendon. Aponeuroses may eover the 
surface of muscles and assist superficial muscles in attaehing to one another or to other structures. 

6. b 

7. d 

8. The skin is separated from the muscles by a layer of loose eonneetive tissue. The loose 
eonneetive tissue provides padding and elastie properties that permit a eonsiderable amount 
of independent movement of the two layers. Thus, pinehing the skin does not affeet the 
underlying muscle. 

9. Stem eells are usually found in the deepest layer of the epithelium. They divide to replaee eells 
lost or destroyed at the epithelial surface. 


Page 58 

1. No. A simple squamous epithelium does not provide enough proteetion against infeetion, 
abrasion, and dehydration and is not found in the skin surface. 

2. In holoerine seeretion, the entire gland eell is destroyed during the seeretory proeess. Further 
seeretion by the gland requires regeneration of eells to replaee those lost during seeretion. 

3. During apoerine seeretion, the seeretory product and the apieal portion of the eell eytoplasm 
are shed. 

4. A simple columnar epithelium provides proteetion and may be involved in both absorption and 
seeretion. 

Page 70 

5. The three basie eomponents of eonneetive tissue are speeialized eells, extracellular protein 
fibers, and a fluid ealled ground substance. 

6. Connective tissue proper refers to eonneetive tissues with many types of eells and extracellular 
fibers in a syrnpy ground substance. Supporting eonneetive tissues (eartilage and bone) have a 
less diverse eell population and a matrix that eontains elosely paeked fibers. The matrix is either 
gel-like (eartilage) or ealeified (bone). 

7. The two types of eells in eonneetive tissue proper are fixed eells and wandering eells. Fixed 
eells include mesenehymal eells, fibroblasts, fibroeytes, fixed maerophages, adipoejdes, and 
sometimes melanoeytes. Wandering eells include free maerophages, mast eells, lymphoeytes, 
plasmoe^es, neutrophils, and eosinophils. 

Page 72 

8. Mucous membranes line passageways that communicate with the exterior and form a 
barrier that resists the entry of pathogens. Serous membranes line the subdivisions of the 
ventral body eavity and are eomposed of two parts: parietal and viseeral portions. Minimizing 
frietion between these two opposing surfaces is the primary function of a serous membrane. 
The cutaneous membrane (skin) eovers the body. Synovial membranes line synovial joints. 
Synovial membranes seerete a fluid (synovial fluid) that nourishes and lubricates the surfaces 
of a synovial joint. 

Page 74 

9. Other names for the superficial faseia are subcutaneous layer and hypodermis. It separates the 
skin from underlying tissues and organs, provides insulation and padding, and lets the skin or 
underlying structures move independently. 

10. The subserous faseia lies between the deep faseia and the serous membranes lining the body 
eavities. Because this layer separates the serous membranes from the deep faseia, movements of 
muscle or muscular organs do not seriously distort the delieate lining. 

Page 74 

11. Muscle tissue is speeialized for eontraetion. 

12. Cardiac and skeletal muscle are both forms of striated muscle. Cardiac muscle has a single, 
eentrally loeated nucleus. Skeletal muscle eells have numerous, peripherally loeated nuclei. 
Smooth muscle is not striated and has a single, eentrally loeated nucleus. 

Page 76 

13. Nervous tissue is speeialized to conduct eleetrieal impulses from one region of the body to 
another. 

14. The two types of eells found within nervous tissue are neurons and neuroglia. Neurons conduct 
eleetrieal impulses from one region of the body to another. Neuroglia provide support for 
neurons, regulate the eomposition of the intercellular tissue, and provide nutrients to neurons. 


Level 3 Critical Thinking 

1. The presenee of DNA, RNA, and membrane eomponents suggests that the eells were destroyed 
during the proeess of seeretion. This is eonsistent with a holoerine type of seeretion. 

2. Mucus is produced by the respiratory epithelium in response to irritation from smoking. 

The eilia found on many eells of the respiratory system beat upward, thereby moving mucus 
produced by the respiratory epithelium up to the level of the esophagus, where it ean be 
swallowed and eliminated. Destruction of the eilia prevents the elimination of this mucus. 
Therefore, coughing is the only meehanism by which the mucus ean be removed. 

3. isehemia occurs when the blood flow to an organ has been reduced, preventing it from 
reeeiving oxygen. While isehemia ean damage organs, skeletal muscle isehemia is not as life- 
threatening as eardiae muscle isehemia. Heart (myoeardial) isehemia ean lead to a heart attaek 
and possible death. 

Answers to Ginieal Case Wrap-Up 

Page 85 

1. An abnormal protein affeets the elastin fibers within the matrix of eonneetive tissue 
proper. This results in abnormally long and thin digits, vision difficulty, and cardiovascular 
defeets. 

2. The abnormal elastin of Marfan’s syndrome would also affeet loose areolar eonneetive tissue 
beneath the skin and beneath the epithelial lining of the digestive, respiratory, and urinary 
traets, and blood vessels throughout the body. 


4 | The Integiimentary System 


Concept Check 

Page 88 

1. Epithelium eovers the surface of the integumentary system; eonneetive tissue provides strength 
and flexibility; smooth muscle is found within the blood vessels of the dermis; and nervous 
tissue eontrols the aetivity of the smooth muscle and is also assoeiated with the numerous 
sensory structures found within the integument. 

Page 92 

2. The third layer of the epidermis is the stratum granulosum. 

3. Keratinization is the production of keratin by epidermal eells. It occurs in the stratum 
granulosum of the epidermis. Keratin fibers develop within eells of the stratum granulosum. 

As keratin fibers are produced, these eells beeome thinner and flatter, and their plasma 
membranes beeome thieker and less permeable. As these eells die, they form the densely paeked 
layers of the stratum lucidum and stratum corneum. 

4. The eolor of the epidermis is due to a eombination of the dermal blood supply and variable 
quantities of two pigments: earotene and melanin. 

5. Epidermal ridges are formed by the deeper layers of the epidermis that extend into the dermis, 
inereasing the eontaet area between the two regions. Dermal papillae are projeetions of the 
dermis that extend between adjaeent ridges. 
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Page 94 

6. Tension lines are important because a cut that mns parallel to a tension line eloses more easily, 
whereas a cut made at right angles to a tension line will sever elastie fibers in the skin and thus 
be pulled open as they reeoil. A parallel cut will also heal faster and with less searring than a 
cut at right angles to eleavage lines. 

7. Arteries and veins supplying the skin form an intereonneeted network in the subcutaneous 
layer along the border with the reticular layer. This network is ealled the cutaneous plexus. 

Page 95 

8. The subcutaneous layer is important in stabilizing the position of the skin in relation to underlying 
tissues. The fat eontained within the subcutaneous layer also serves as an energy reserve and a cushion. 

Page 102 

9. Hair serves numerous functions. The hair on top of the head proteets the sealp from ultraviolet 
light, cushions a hit to the head, and provides insulation to the skull. Hairs at the entranee to 
the nostrils help prevent the entranee of foreign objeets. Eyelashes proteet foreign objeets from 
entering the eyes. Because of the assoeiated nervous tissue, the movement of even a single hair 
ean be felt, and thus we ean pereeive when something brushes past our skin. 

10. The two types of hairs are vellus hairs and terminal hairs. 

11. Apoerine sweat glands produce a viscous, cloudy, and potentially odorous seeretion that 
eontains several kinds of organie compounds. Some of these compounds have an odor, and 
others produce an odor when metabolized by skin baeteria. Meroerine sweat glands produce 
a watery seeretion that mainly eontains sodium ehloride, metabolites, and wastes. Meroerine 
seeretions are generally known as sweat. 

12. Prominent structures of the nail include the nail, free edge, lateral nail fold, lunula, 
eponychium, proximal nail fold, nail root, hyponychium, and nail body. 

Page 102 

13. Meehanieal stress will cause the eells within the stratum basale to divide more rapidly, forming 
a callus. 

Page 103 

14. The epidermis thins; the number of Langerhans eells deereases; vitamin D 3 production 
deereases; melanoeyte aetivity deereases; glandular aetivity deereases; blood supply to the dermis 
is deereased; hair follieles stop functioning; dermis beeomes thinner; skin repairs proeeed more 
slowly; seeondary sexual eharaeteristies in hair and body fat distribution ehange. 

ehapter Revievv 

Level 1 Reviewing Faets and Terms 

1. e 2. f 3. d 4. g 5. e 6. h 7. b 8. i 9. a 10. a. epidermis; b. dermis; e. sebaceous gland; 

d. arreetor pili muscle; e. lamellar corpuscle; f. sweat gland 11. a 12. d 13. a. nail root; 

b. eponychium; e. phalanx; d. hyponychium 14. b 15. b 16. b 17. e 18. a 19. a 

Level 2 Revievving Concepts 

1. Fair-skinned individuals produce less melanin in their melanoeytes, and are therefore less 
able to prevent the absorption of potentially damaging ultraviolet radiation. Sinee more UV 
radiation reaehes the deeper skin layers, it may cause a greater amount of damage. 

2. Meehanieal stresses cause eells in the stratum basale to divide more rapidly, inereasing the 
thiekness of the epithelium. 

3. If the skin stretehes and then does not eontraet to its original size, it wrinkles and ereases, 
ereating a network of streteh marks. 

4. Keratin is produced in large amounts in the stratum granulosum. Fibers of keratin interloek 
in the eells in this layer during the proeess of keratinization. The eells beeome thinner and 
flatter; subsequently, they dehydrate. Keratin is important in maintaining the structure of the 
outer part of the epidermis and making it water resistant. Additionally, keratin forms the basie 
structural eomponent of hair and nails. 

5. The subcutaneous layer, as eompared to other body layers, (a) is quite elastie, (b) has a high 
density of blood vessels to faeilitate the transport of the drug, and (e) has no vital organs. 

6. These aetivities either reduce the amount of potentially odorous seeretions on the surface of 
the skin or inhibit the aetivity of baeteria on these seeretions. 

7. A person who is eyanotie has a sustained reduced blood flow to the skin. As a result, the skin 
takes on a bluish eoloration, ealled eyanosis, which is espeeially apparent in areas of thin skin, 
such as the lips or beneath the nails. 

8. In elderly people, the blood supply to the dermis and the aetivity of sweat glands both deerease. 
Due to this eombination, the elderly are less able to lose body heat and less able to eool 
themselves when exposed to high temperatures. 

Level 3 Critical Thinking 

1. Tension lines are important because a cut that mns parallel to a tension line eloses more easily, 
whereas a cut made at right angles to a tension line will sever elastie fibers in the skin and thus 
be pulled open as the fibers reeoil. A parallel cut will also heal faster and with less searring than 
a cut at right angles to tension lines. 

2. The palms of the hands and the soles of the feet have a thieker epidermis and an extra layer in 
the epidermis known as the stratum lucidum. This thieker epidermis slows down the rate of 
diffusion of the medieation and signifieantly deereases its effeetiveness. 

Ansvvers to dinieal Case Wrap-Up 

Page 106 

1. Because Martin did not adequately eleanse his skin with aleohol prior to his insulin injeetion, 
the baeteria living on Martin’s skin were introduced into the subcutaneous layer by the needle. 

2. The skin that is supplied by the elotted cutaneous and subpapillary plexuses is not likely to 
survive. It will most likely beeome neerotie and require further debridement and skin grafting. 


5 THE SKELETAL SYSTEM 

Osseous Tissue and Skeletal Structure 


Concept Check 

Page 113 

1. If the ratio of eollagen to hydroxyapatite in a bone inereased, the bone would be more flexible 
and less strong. 

2. Concentric layers of bone around a eentral eanal are indieative of an osteon, or Haversian system. 
Osteons are found in eompaet bone. Sinee the ends (epiphyses) of long bones are primarily 
spongy (cancellous) bone, this sample most likely eame from the shaft (diaphysis) of a long bone. 

3. Sinee osteoelasts function in breaking down or demineralizing bone, the bone would have less 
mineral eontent and as a result would be weaker. 

4. Fracture repair would be impeded. 

Page 118 

5. Long bones of the body, like the femur, have an epiphyseal eartilage separating the epiphysis 
from the diaphysis, as long as the bone is still growing in length. An x-ray would indieate 
whether the epiphyseal eartilage is still present. If it is, then growth is still occurring; if not, the 
bone has reaehed its adult length. 

6. (1) In a fibrous eonneetive tissue, osteoblasts seerete matrix eomponents in an ossifieation 
eenter. (2) Growth occurs outward from the ossifieation eenter in small struts ealled spicules. 
(3) Over time, the bone assumes the shape of spongy bone; subsequent remodeling ean 
produce eompaet bone. 

7. The diameter of a bone enlarges through appositional growth at the outer surface. In this proeess, 
periosteal eells differentiate into osteoblasts and contribute to the growth of the bone matrix. 

8. The epiphyseal eartilage is a relatively narrow band of eartilage separating the epiphysis from 
the diaphysis. It is loeated at the metaphysis. The continued growth of ehondroeytes at the 
epiphyseal side and their subsequent replaeement by bone at the diaphyseal side allow for an 
inerease in the length of a developing bone. 

9. Vitamins A, C, and D 3 regulate bone growth. Vitamin A stimulates osteoblast aetivity, 
and vitamin C is required for enzymatie reaetions in eollagen synthesis and osteoblast 
differentiation. Vitamin D 3 plays an important role in normal calcium and phosphate 
absorption into the blood. Calcitonin in ehildren and pregnant females inhibits osteoelasts 
and inereases the rate of calcium loss in the urine. Parathyroid hormone stimulates osteoelasts 
and osteoblasts, inereases calcium absorption at the intestines (this aetion requires another 
hormone, ealeitriol), and deereases the rate of urinary calcium loss. Growth hormone and 
thyroxine stimulate bone growth. Sex hormones stimulate osteoblasts to deposit bone. 

Page 120 

10. Bones inerease in thiekness in response to physieal stress. One eommon type of stress that is 
applied to a bone is that produced by muscles. We would expect the bones of an athlete to be 
thieker after the addition of the extra muscle mass because of the greater stress that the muscle 
would apply to the bone. 

11. In a 15-year-old, we would expect the rate of bone formation to exceed the rate of bone 
reabsorption, whereas in the 30-year-old, these rates would be approximately the same. 

Page 125 

12. Bone markings are often palpable at the surface; they provide referenee points for orientation 
on assoeiated soft tissues. For pathologists, bone markings ean be used to estimate the size, 
weight, sex, and general appearanee of an individual on the basis of ineomplete remains. 

13. A sesamoid bone is usually round, small, and flat. Irregular bones may have complex shapes 
with short, flat, notehed, or ridged surfaces. 

14. Sutural bones, also ealled VVormian bones, are small, flat, oddly shaped bones found between 
the flat bones of the skull in the sutures. 

Page 125 

15. An individual who has a diet low in calcium would see, over time, a reduction in bone mass due to 
a deereased deposition of bone by osteoblasts and an inerease in reabsorption of bone by osteoelasts. 

ehapter Revievv 

Level 1 Revievving Faets and Terms 

1. a. articular surfaces of the proximal end of the bone; b. diaphysis; e. epiphysis; d. articular 

surfaces of the distal end of the bone 2. b 3. a 4. b 5. b 6. a 7. a 8. a 9. a 10. b 

Level 2 Reviewing Concepts 

1. e 

2. a 

3. In intramembranous ossifieation, bone develops from mesenehyme or fibrous eonneetive 
tissue. In endoehondral ossifieation, bone replaees an existing eartilage model. 

4. At maturity, the rate of epiphyseal eartilage growth slows down, while the rate of osteoblast 
production inereases, narrowing the region of the epiphyseal plate. When the plate disappears, 
the epiphysis and diaphysis of the bone grow together, and elongation stops. 

5. Spongy bone is found where bones reeeive stresses from many direetions. In the expanded ends 
of the long bones, the epiphyses, the trabeculae in the spongy bone are extensively eross-braeed 
to withstand stress applied from different direetions. In eontrast, eompaet bone is heavier and is 
best suited for resisting stresses that are parallel to the shaft of a long bone. 

6. A bone grows in diameter by appositional growth, wherein the outer surface of the bone grows as 
eells of the periosteum differentiate into osteoblasts that contribute to the bone matrix. Eventually, 
these eells beeome surrounded by matrix and differentiate into osteoeytes. Additionally, the bone 
matrix is removed from the inner surface by osteoelasts to expand the medullary eavity. 
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7. The final repair is slightly thieker and stronger than the original bone. 

8. A fractured bone requires a good supply of calcium and phosphate to manufacture new matrix. 
Therefore, a diet that is low in these minerals will hinder the rate at which a broken bone heals. 

9. A sesamoid bone is usually small, round, and flat. It develops inside tendons and is most often 
encountered near joints at the knee, the hands, and the feet. Sutural (Wormian) bones are 
small, flat, oddly shaped bones found between the flat bones of the skull in the suture line. 

10. Ossifieation is the proeess of replaeing other tissues with bone, while ealeifieation refers to the 
deposition of calcium salts within a tissue. 



Level 3 Critical Thinking 

1. At the fracture point, bleeding into the area ereates a fracture hematoma. An internal callus 
forms as a network of spongy bone that unites the inner surfaces, and an external callus of 
eartilage and bone stabilizes the outer edges. Together, these are visible as the enlargement. A 
swelling initially marks the loeation of the fracture. Over time this region will be remodeled, 
and little evidenee of the fracture will remain. 

2. In ehildren, the long bones are relatively supple and easily deformed because the relative 
proportion of collagenous fibers to ossified calcium and phosphate salts is higher. This makes 
a greenstiek fracture more eommon in ehildren than in adults. With inereased age, the 
proportion of collagenous fibers to ossified calcium and phosphate salts deereases, making the 
bones more brittle, thereby deereasing the frequency of greenstiek fractures. 


Answers to dinieal Case Wrap-Up 

Page 130 

1. If Emily continued to run on a tibial eortieal stress fracture, the fracture could spread aeross 
the entire tibial shaft, producing a eomplete transverse fracture. 

2. If the stress fracture continued aeross the entire anterior cortex involving the cellular endosteum 
lining the medullary eavity, osteoprogenitor eells there would be recruited in the healing proeess. 


6 THE SKELETAL SYSTEM 

Axial Division 


Page 168 

16. Improper eompression of the ehest during CPR could result in a fracture of the ribs or sternum, 
espeeially at the xiphoid proeess. 

17. The internal rib surface is eoneave, and the prominent eostal groove along its inferior border 
marks the path of nerves and blood vessels. 

ehapter Review 

Level 1 Reviewing Faets and Terms 

1. b 2. e 3. h 4. j 3. i 6. a 7. d 8. g 9. f 10. e 11. d 12. a 13. a. frontal bone; b. sphenoid; 

e. lambdoid suture; d. temporal proeess of the zygomatie bone; e. styloid proeess 14. a 15. a 

16. a. spinous proeess; b. lamina; e. transverse proeess; d. pediele 17. a 18. d 19. a 20. a 21. d 

Level 2 Reviewing Concepts 

1. The structure of the atlas is such that it provides more free spaee for the spinal eord than any 
other vertebra. This extra spaee helps ensure that the spinal eord is not impinged on during the 
extensive amount of motion that occurs here. 

2. A prominent eentral depression between the wings of the sphenoid bone eradles the pituitary 
gland just inferior to the brain. This depression is ealled the hypophyseal fossa, and the bony 
enclosure is ealled the sella turcica. 

3. The shifting of weight over the legs helps to move the eenter of gravity anteriorly, which will 
provide a more stable base for standing and walking. 

4. The ligamentum nuchae is a large elastie ligament that begins at the vertebra prominens and 
extends eranially to an insertion along the external oeeipital erest. Along the way it attaehes 
to the spinous proeesses of the other eervieal vertebrae. When the head is held upright, this 
ligament is like the string on a bow, maintaining the eervieal curve without muscular effort. 

5. The mucous membranes of the paranasal sinuses respond to environmental stress by inereasing 
the production of mucus. The mucus flushes irritants off the walls of the nasal eavities. A 
variety of stimuli produce this result, including sudden ehanges in temperature or humidity, 
irritating vapors, and baeterial or viral infeetions. 

6. The body of the lumbar vertebrae is largest because these vertebrae bear the most weight. 

7. The thiek petrous portion of the temporal bone houses the internal ear structures that provide 
information about hearing and balanee. 

8. The foramina in the eribriform plate permit passage of the olfaetory nerves, providing the sense 
of smell. 


Concept Check 

Page 140 

1. There are seven assoeiated bones of the skull: six auditory ossieles and one hyoid bone. 

2. The function of the eranial eavity is to proteet the brain. The oeeipital, parietal, frontal, 
temporal, sphenoid, and ethmoid bones make up the eranial eavity. 

Page 140 

3. The eoronal suture erosses the superior aspeet of the skull, separating the frontal and parietal bones. 

4. The lambdoid suture separates the oeeipital bone from the parietal bones. 

Page 150 

5. Eaeh internal jugular vein passes through the jugular foramen, an opening between the 
oeeipital bone and the temporal bone. 

6. The sella turcica is loeated in the sphenoid, and it eontains the pituitary gland. 

7. Nerve fibers to the olfaetory bulb, which is involved with the sense of smell, pass through 
the eribriform plate from the nasal eavity. If the eribriform plate failed to form, these sensory 
nerves could not reaeh the olfaetory bulbs, so the sense of smell (olfaetion) would be lost. 

Page 154 

8. The 14 faeial bones are the maxillae (2), zygomatie bones (2), nasal bones (2), laerimal bones 

(2) , inferior nasal eonehae (2), palatine bones (2), vomer, and mandible. These bones proteet 
and support the entranees to the respiratory and digestive traets and provide extensive areas for 
skeletal muscle attaehment. 

Page 156 

9. The paranasal sinuses make the skull lighter, produce mucus, and resonate when a person 
produces sound. 

10. The orbital complex eonsists of portions of the frontal, maxilla, laerimal, ethmoid, sphenoid, 
palatine, and zygomatie bones. 

Page 156 

11. Fontanelles are areas of fibrous eonneetive tissue that eonneet the eranial bones of the fetal 
skull. 

12. (1) The anterior fontanelle, the largest, lies at the interseetion of the frontal, sagittal, and 
eoronal sutures. (2) The posterior fontanelle is found at the junction between the lambdoid 
and sagittal sutures. (3) The sphenoidal fontanelles are at the junctions between the squamous 
sutures and the eoronal suture. (4) The mastoid fontanelles are at the junctions between the 
squamous sutures and the lambdoid suture. 

Page 165 

13. The dens is found on the seeond eervieal vertebra, or axis, which is loeated in the neek. 

14. The vertebral column is divided into the eervieal, thoraeie, lumbar, saeral, and eoeeygeal 
regions. Distinguishing features are as follows: eervieal: triangular foramen, bifid spinous 
proeess, transverse foramina; thoraeie: round foramen, heart-shaped body, transverse faeets, 
eostal faeets; lumbar: triangular foramen, oval-shaped, large robust body; saeral: five fused 
vertebrae; eoeeygeal: three to five small fused vertebrae. 

15. The spinal curves from superior to inferior are the (1) eervieal curve, (2) thoraeie curve, 

(3) lumbar curve, and (4) saeral curve. 


Level 3 Critical Thinking 

1. An inflammation of the paranasal sinuses’ mucous membranes inereases the production of 
mucus. The maxillary sinuses are often involved because gravity does little to assist mucus 
drainage from these sinuses. Congestion inereases, and the patient experiences headaehes, a 
feeling of pressure in faeial bones, and an aehe in the teeth rooted in the maxillae. 

2. The faeial features referred to as eheekbones are made by the zygomatie proeesses of the 
temporal bones, which articulate with the temporal proeesses of the zygomatie bones inferior 
to the orbit. These features are prominent in the faee as they aet as proteetion for the orbits 
superior to them. The model eomplimented for the large appearanee of her eyes would have 
to have larger than normal regions housing larger than normal eyeballs to tmly have larger 
eyes. In all probability, the appearanee of her eyes is due to the arrangement of her soft tissue 
structures and her makeup, not an unusual arrangement of the bones of the faee. 

Answers to dinieal Case Wrap-Up 

Page 171 

1. Basilar skull fractures ean involve the oeeipital and temporal bones, as in Earnhardt’s ring 
fracture, and ean also involve the sphenoid and ethmoid bones. 

2. The earotid eanal and jugular vein are within the temporal bone. A fracture of the temporal 
bone would disrupt both the earotid artery and the jugular vein. 


7 THE SKELETAL SYSTEM 

Appendieiilar Division 


Concept Check 

Page 184 

1. The mobility of the scapula is affeeted because the elaviele attaehes the scapula to the sternum 
and thus restriets the scapula’s range of movement. If the elaviele is broken, the scapula will 
have a greater range of movement and will be less stable. 

2. The radius is in a lateral position when the forearm is in the anatomieal position. 

3. The oleeranon is the point of the elbow. During extension of the elbow, the oleeranon swings 
into the oleeranon fossa on the posterior surface of the humerus to prevent overextension. 

4. The elaviele articulates with the manubrium of the sternum; this provides the only direet 
eonneetion between the peetoral girdle and the axial skeleton. 

Page 197 

5. The three bones that make up the hip bone are the ilium, ischium, and pubis. 

6. Although the fibula is not part of the knee joint and does not bear weight, it is an important 
point of attaehment for many leg muscles. When the fibula is fractured, these muscles eannot 
function properly to move the leg, and walking is difficult and painful. The fibula also helps 
stabilize the ankle joint. 

7. Mark has most likely fractured his calcaneus (heel bone). 
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8. The female pelvis is adapted for supporting the weight of the developing fetus and allowing the 
newborn to pass through the pelvie outlet during delivery. Compared to males, such adaptations of 
the female pelvis include the following: an enlarged pelvie outlet; less curvature on the saemrn and 
coccyx, which in the male are anteriorly into the pelvie outlet; a wider, more circular pelvie inlet; a 
relatively broad, low pelvis; ilia that projeet farther laterally, but do not extend as far superior to the 
saemm; and a broader pubic areh, with the inferior angle between the pubic bones greater than 100°. 

9. During dorsiflexion, as when “digging in the heels,” all of the body weight rests on the 
calcaneus. During plantar flexion, as when “standing on tiptoe,” the talus and calcaneus 
transfer the weight to the metatarsal bones and phalanges through more anterior tarsal bones. 

Page 198 

10. See Table 7.1 for a eomplete listing of regions and features that are utilized to determine the 
sexual differenees in the adult human skeleton. 

ehapter Review 

Level 1 Revievving Faets and Terms 

1. b 2. e 3. g 4.j 5. e 6. i 7. f 8. a 9. h 10. d 11. a. aeromion; b. eoraeoid proeess; 

e. glenoid eavity; d. spine of scapula 12. e 13. a. oleeranon; b. eoronoid proeess; e. radial noteh; 

d. ulnar tuberosity 14. a 15. d 16. e 17. a. anterior gluteal line; b. anterior superior iliae spine; 

e. posterior inferior iliae spine; d. superior pubic ramus 18. e 

Level 2 Revievving Concepts 

1. To determine the age of a skeleton, one would eonsider some or all of the following: the 
fusion of the epiphyseal plates, the amount of mineral eontent, the size and roughness of bone 
markings, teeth, bone mass of the mandible, and intervertebral dise size. 

2. Weight transfer occurs along the longitudinal areh of the foot. Ligaments and tendons 
maintain this areh by tying the calcaneus to the distal portions of the metatarsal bones. The 
lateral, ealeaneal side of the foot earries most of the weight of the body while standing. This 
part of the areh has less curvature than the medial, talar portion. 

3. Fractures of the medial portion of the elaviele are eommon because a fall on the palm of 
an outstretched hand produces eompressive forees that are conducted to the elaviele and its 
articulation with the manubrium. 

4. The tibia is part of the knee joint and is involved in the transfer of weight to the ankle and foot. 
The fibula is excluded from the knee joint and does not transfer weight to the ankle and foot. 

5. The oleeranon of the ulna is the point of the elbow. During full extension, this proeess swings 
into the oleeranon fossa on the posterior surface of the humerus to prevent overextension of 
the forearm relative to the arm. 

6. Body weight is passed to the metatarsal bones through the cuboid and the cuneiform bones. 

Level 3 Critical Thinking 

1. In osteoporosis, a deerease in the calcium eontent of the body leads to bones that are weak and 
brittle. Sinee the hip joint and leg bones must support the weight of the body, any weakening 
of these bones may result in insufficient strength to support the body mass, and as a result the 
bone will break under the great weight. The shoulder joint is not a load-bearing joint and is 
not subject to the same great stresses or strong muscle eontraetions as the hip joint. As a result, 
breaks in the bones of this joint occur less frequently. 

2. Many skull eharaeteristies would reveal the sex of the individual, but there are also 
eharaeteristies in other skeletal structures, such as the robustness of the bones, the angles at 
which the pubic bones meet, the width of the pelvis, and the angles of the femurs. 

Answers to dinieal Case Wrap-Up 

Page 202 

1. The acetabular fracture is within the lesser (tme) pelvis. 

2. The foree incurred from the aeeident pushed the femoral head and greater troehanter of the femur 
into the acetabulum, fracturing the anterior and posterior segments. The greater troehanter is a 
strong proeess at the proximal and lateral part of the shaft of the femur. The femoral head is the 
articular surface at the proximal portion of the thigh bone. These structures jammed into the cup- 
shaped depression on the external surface of the hip bone ealled the acetabulum, fracturing it. 


8 THE SKELETAL SYSTEM 

Articulations 


Concept Check 

Page 207 

1. No relative movement occurs at a synarthrosis, whereas slight movement occurs at an 
amphiarthrosis. 

2. Synovial fluid lubricates the joint, reduces frietion, and distributes dissolved gases, nutrients, 
and wastes. 

Page 212 

3. Monaxial: pivot and hinge joints; biaxial: saddle and eondylar joints; triaxial: ball-and-soeket 
joint 

4. (a) abduction, (b) supination, (e) flexion 

Page 212 

5. The temporomandibular joint is primarily a hinge joint, but the loose capsule and relatively flat 
articular surfaces also permit small gliding movements. These movements are important for chewing. 


6. The articular dise of the temporomandibular joint extends horizontally and therefore divides 
the joint eavity into two separate ehambers. As a result, the temporomandibular joint is really 
two synovial joints: one between the temporal bone and the articular dise, and the other 
between the articular dise and the mandible. 

Page 216 

7. The ligaments that stabilize the vertebral column are the anterior longitudinal ligament, posterior 
longitudinal ligament, ligament flava, interspinous ligament, and supraspinous ligament. 

8. Symphysis joints are found between the vertebral bodies of C 2 and S^. Zygapophysial joints are 
synovial joints found between the superior and inferior articulating proeesses of adjaeent vertebrae. 

Page 219 

9. The glenoid labmm is a pieee of fibrous eartilage that serves to enlarge and deepen the glenoid 
eavity of the scapula and therefore contribute to the stability of the shoulder joint. 

10. Because the subscapular bursa is loeated in the shoulder joint, an inflammation of this 
structure (bursitis) would be more likely to be found in the tennis player. The eondition is 
assoeiated with repetitive motion that occurs at the shoulder, such as swinging a tennis raeket. 
The jogger would be more at risk for injuries to the knee joint. 

Page 221 

11. The elbow joint is eomposed of the articulations between the troehlea of the humerus and the 
troehlear noteh of the ulna and the capitulum of the humerus and the head of the radius. 

12. No, the pain isn’t originating in his elbow. The elbow joint, which does not allow for 
supination and pronation of the forearm, is the joint between (1) the humerus and the ulna 
and (2) the humerus and the radius. The pain originates in his forearm. The proximal and 
distal radio-ulnar joints allow for supination and pronation of the forearm. 

Page 222 

13. The six structures are the following: (1) palmar radioearpal ligament, (2) dorsal radioearpal 
ligament, (3) ulnar eollateral ligament, (4) radial eollateral ligament, (5) interearpal 
ligaments, and (6) digitoearpal ligaments. 

14. The types of movement are flexion/extension and adduction/abduction. 

Page 224 

15. The almost eomplete bony soeket enelosing the head of the femur, the strong articular capsule, 
the stout supporting ligaments, and the dense muscular padding make the hip an extremely 
stable joint. Because of this stability, fractures of the femoral neek or between the troehanters 
are more eommon than hip disloeations. 

Page 228 

16. The emeiate ligaments are reinforeing ligaments in the knee. The anterior emeiate ligament (ACL) 
and posterior emeiate ligament (PCL) are intracapsular ligaments of the knee joint. They attaeh the 
intereondylar area of the tibia to the eondyles of the femur. These ligaments limit the anterior and 
posterior movement of the femur and maintain the alignment of the femoral and tibial eondyles. 

Page 231 

17. The tibiotalar joint is the primary weight-bearing joint in the ankle. 

18. Three joints provide medial and lateral stability in the ankle joint: (1) the proximal tibiofibular 
joint, (2) the distal tibiofibular joint, and (3) the fibulotalar joint. 

Page 231 

19. Arthritis is joint inflammation and is a type of rheumatic disease that affeets synovial joints. 
Arthritis always involves damage to the articular eartilages, but the speeifie cause ean vary. 

ehapter Review 

Level 1 Reviewing Faets and Terms 

1. i 2. d 3. h 4. e 5. g 6. b 7. f 8. a 9. e 10. d 11. b 12. a. plane; b. hinge; e. eondylar; 

d. saddle; e. pivot; f. ball-and-soeket 13. d 14. a. acromioclavicular ligament; b. subdeltoid bursa; 

e. eoraeoaeromial ligament; d. eoraeoid proeess 15. e 16. a 

Level 2 Revievving Concepts 

1. A joint eannot be both highly mobile and very strong. The greater the range of motion at a 
joint, the weaker it is. The stronger the joint, the lesser its range of motion. For example, a 
synarthrosis, which is the strongest type of joint, does not permit any movement. 

2. Prior to fusion, the two parts of a single bone are united by a line of eartilage and are ealled 
a synehondrosis. Onee the cartilaginous plate is obliterated, there is no more joint, and it 
beeomes an immovable synostosis. 

3. The tibiotalar joint involves the distal articular surface of the tibia, including the medial malleolus, 
the lateral malleolus of the fibula, and the troehlea and lateral articular faeets of the talus. The 
malleoli, supported by ligaments of the ankle joint (the medial deltoid ligament and the three 
lateral ligaments) and assoeiated fat pads, prevent the ankle bones from sliding from side to side. 

4. Articular eartilages eover articulating surfaces of bones. They resemble hyaline eartilages 
elsewhere in the body, but they have no perichondrium, and the matrix eontains more water 
than other eartilages have. 

5. Faetors that limit the range of movement of a joint include aeeessory ligaments and eollagen 
fibers of the joint capsule, the shapes of the articulating surfaces that allow movement in some 
direetions while preventing it in others, the tension in the tendons attaehed to the articulating 
bones, and the bulk of the muscles surrounding the joint. 

6. The joint capsule that surrounds the entire synovial joint is continuous with the periostea 
of the articulating bones. Aeeessory ligaments are loealized thiekenings of the capsule. 
Extracapsular ligaments are on the outside of the capsule; intracapsular ligaments are found 
inside the capsule. In the humero-ulnar joint, the capsule is reinforeed by strong ligaments. The 
radial eollateral ligament stabilizes the lateral surface of the joint. The annular ligament binds 
the proximal radial head to the ulna. The medial surface of the joint is stabilized by the ulnar 
eollateral ligament. 
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7. The edges of the bones are interloeked and bound together at the suture by dense eonneetive 
tissue. A different type of synarthrosis binds eaeh tooth to the surrounding bony soeket. This 
fibrous eonneetion is the periodontal ligament. 

8. The movement of the wrist and hand from palm-faeing-front (supination) to palm-faeing-baek 
is ealled pronation. Circumduction is a speeial type of angular motion that eneompasses all 
types of angular motion: flexion, extension, adduction, and abduction. 

9. As one ages, the water eontent of the nucleus pulposus within eaeh dise deereases. Loss of 
water within the dises causes shortening of the vertebral column. 

Level 3 Critical Thinking 

1. The term “whiplash” is used to deseribe an injury wherein the body suddenly ehanges position, 
as in a fall or during rapid aeeeleration or deeeleration. The balaneing muscles are not strong 
enough to stabilize the head. A dangerous partial or eomplete disloeation of the eervieal 
vertebrae ean result, with injury to muscles and ligaments and potential injury to the spinal 
eord. It is ealled whiplash because the movement of the head resembles the eraeking of a whip. 

2. When the knee is flexed, it is able to move in response to a hit from the inside or outside 
(medial or lateral surfaces). However, when the foot is “planted,” the knee is in the loeked 
position. In this position, the medial and lateral eollateral ligaments and the anterior cruciate 
ligaments are taut, thereby inereasing their ehanee of injury. 

Answers to Ginieal Case Wrap-Up 

Page 234 

1. A synovial tendon sheath is one form of a bursa. The synovial tendon sheath surrounds and 
proteets a tendon that passes over a bony surface. 

2. The tendon of the semimembranosus joins with and reinforees the tibial eollateral ligament of 
the knee joint. 


9 THE MUSCULAR SYSTEM 

Skeletal Muscle Tissue and Musde 
Organization 


Concept Check 

Page 236 

1. Shivering is an involuntary eontraetion of skeletal muscles that occurs when you are eold. 
These muscle eontraetions utilize ATP, which produces heat, which in turn helps to maintain 
body temperature. 

Page 243 

2. Skeletal muscle appears striated when viewed under the mieroseope because it is eomposed of 
the myofilaments aetin and myosin, which are arranged in such a way as to produce a banded 
appearanee in the muscle. 

3. The proteins tropomyosin and troponin help regulate the interaetion between aetin and myosin. 

Page 247 

4. During eontraetion, the width of the A band remains the same, and the I band gets smaller. 

5. Terminal eisternae are expanded ehambers of the sareoplasmie reticulum—they store calcium ions, 
which are required to initiate eontraetion within skeletal muscle eells. T tubules are sandwiched 
between terminal eisternae. A T tubule is a deep indentation of the sareolemma, which conducts 
the stimulation into the interior of the eell. When an aetion potential arrives, it causes the release 
of calcium ions from the terminal eisternae, and this results in a muscle eontraetion. 

Page 248 

6. The size of a motor unit is an indieation of how fine the eontrol of movement is. In the eye 
muscles, where preeise eontrol is important, a motor neuron may eontrol just a few fibers. 

In large leg muscles, where there is less preeise eontrol, a single motor neuron may eontrol a 
thousand muscle fibers. 

7. Muscle tone is involved in maintaining body position while standing. The administration of a 
ehemieal that bloeks the aetion of aeetyleholine would prevent aetion potentials erossing from 
nerves to skeletal muscles. ACh is needed to generate an aetion potential and thus is needed for 
a muscle eontraetion. If ACh is not available, the muscles could not eontraet, and there would 
be no muscle tone. Without muscle tone, the person falls. 

Page 249 

8. The sprinter requires large amounts of energy for a relatively short burst of aetivity. To 
supply this demand for energy, the muscles switch to anaerobie metabolism. Anaerobie 
metabolism is not as effieient in producing energy as is aerobie metabolism, and the 
proeess also produces aeidie wastes. The eombination of less energy and wastes contributes 
to fatigue. Marathon runners, on the other hand, derive most of their energy from aerobie 
metabolism, which is more effieient and does not produce the level of wastes that anaerobie 
metabolism does. 

Page 251 

9. The parallel arrangement more elosely resembles the anatomieal eharaeteristies of a single 
muscle fiber. 

Page 253 

10. A synergist eontraets to assist the agonist (prime mover) in performing a speeifie aetion. 

11. This is a long muscle that flexes the joints of the finger. 


Page 253 

12. The order of deereasing frequency is third-elass lever (most eommon), followed by seeond-elass 
lever, and then first-elass lever (least eommon). 

13. Removing the patella would signifieantly deerease the amount of foree that could be produced 
by the quadriceps muscles because the angle of attaehment of the patellar ligament would have 
been altered. 

Page 253 

14. Aging skeletal muscles develop inereasing amounts of fibrous eonneetive tissue, a proeess ealled 
fibrosis. Fibrosis makes the muscles less flexible, and the eollagen fibers ean restriet movement 
and circulation. Continued stretehing throughout life would lessen this effeet. 

ehapter Review 

Level 1 Revievving Faets and Terms 

1. a 2. b 3. e 4. a 5. e 6. e 7. d 8. b 9. a. seeond-elass lever; b. first-elass lever; e. third-elass lever 

Level 2 Reviewing Concepts 

1. e 

2. d 

3. e 

4. e 

3. An aetion potential (nerve impulse) arrives at the axon terminal of the neuromuscular synapse 
and causes aeetyleholine to be released into the synaptie eleft. The aeetyleholine released then 
binds to reeeptors on the sareolemma surface, initiating a ehange in the loeal membrane 
potential. This ehange results in the generation of aetion potentials (eleetrieal signals) that 
sweep over the surface of the sareolemma. 

6. A motor unit with 1500 fibers would be involved in powerful, gross movements. The greater the 
number of fibers in a motor unit, the more powerful the eontraetion and the less fine eontrol 
exhibited by the motor unit. 

7. In the zone of overlap, the thin filaments pass between the thiek filaments. It is in this 
region that interaetion between thiek and thin filaments occurs to form eross-bridges so that 
eontraetion may occur and tension may be generated. 

Level 3 Critical Thinking 

1. Weight lifting requires anaerobie endurance. The students would want to develop fast fibers for 
short-term maximum strength. This could be aehieved by engaging in aetivities that involve 
frequent, brief, but intensive workouts, such as with progressive-resistanee maehines. Repeated 
exhaustive stimulation will help the fast fibers develop more mitoehondria and a higher 
eoneentration of glyeolytie enzymes, as well as inerease the size (hypertrophy) and strength of 
the muscle. 

2. Muscle biopsies are used to determine the relative pereentage of slow and fast muscle 
fibers within the leg muscles. An athlete with a higher pereentage of white muscle has 
a greater ehanee of being a good sprinter than an athlete with a higher pereentage of 
red muscle. Conversely, an athlete with a high pereentage of red muscle has a greater 
ehanee of being a good distanee runner than an athlete with a higher pereentage of white 
muscle. 

Answers to Ginieal Case Wrap-Up 

Page 258 

1. The muscle tone in AbduTs left hip, thigh, and leg is virtually absent; the muscles ean be 
deseribed as flaeeid. 

2. The majority of AbduTs muscle fibers that have been affeeted by polio are fast fibers, or white 
fibers. Most muscles of the hip, thigh, and leg are dominated by fast fibers. 


10 THE MUSCULAR SYSTEM 

Axial Musculature 


Concept Gieek 

Page 261 

1. The axial muscles are divided into four groups, based on loeation, function, or both. These 
groups are (1) the muscles of the head and neek, (2) the muscles of the vertebral column, 
(3) the oblique and rectus muscles, and (4) the muscles of the perineum and pelvie 
diaphragm. The muscles of the head and neek move the faee, tongue, larynx, and eye. The 
muscles of the vertebral column flex, extend, and rotate the vertebral column. The oblique 
and rectus muscles move the ehest wall during breathing (inspiration and expiration), 
eompress the abdominal eavity, and rotate the vertebral column. The muscles of the 
perineum and pelvie diaphragm support the organs of the pelvie eavity, flex the joints of 
the sacrum and coccyx, and eontrol the movement of materials through the urethra and 
anus. 

Page 269 

2. Muscles of faeial expression originate on the surface of the skull. 

3. The pharyngeal muscles are important for starting the swallowing proeess. 
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Page 273 

4. The ereetor spinae miiseles are the ilioeostalis, longissimus, and spinalis muscles. The 
transversospinales muscles are the multifidus, semispinalis, rotatores, interspinales, and 
intertransversarii muscles. When the ereetor spinae muscles on both sides of the vertebral 
column eontraet together, they extend the vertebral column; when the ereetor spinae muscles 
on only one side eontraet, they laterally flex the vertebral column. 

5. There are fewer intrinsie baek muscles that flex the vertebral column because (1) many of the 
large trunk muscles flex the vertebral column when they eontraet and (2) most of the body 
weight is anterior to the vertebral column and so gravity tends to flex the vertebral column. 

Page 275 

6. Damage to the external intereostal muscles interferes with the proeess of inhalation during breathing. 

Page 277 

7. Muscles of the perineum and pelvie diaphragm support the organs of the pelvie eavity, flex the 
joints of the sacrum and coccyx, and eontrol the movement of materials through the urethra 
and anus. 

ehapter Review 

Level 1 Revievving Faets and Terms 

1. h 2. d 3. a 4. i 5. f 6. b 7. j 8. e 9. e 10. g 11. b 12. b 13. a. nasalis; b. orbicularis oris; 

e. platysma; d. temporalis; e. masseter 14. a 15. b 16. e 17. a. multifidus; b. quadratus lumborum; 

e. ilioeostalis thoraeis; d. ilioeostalis lumborum; e. ereetor spinae 18. a 19. e 20. a 21. d 

Level 2 Reviewing Concepts 

1. e 

2. a 

3. b 

4. e 

5. Gravity ean help the tmnk flex forward. The bulk of the mass of the body is anterior to the 
vertebral column, making the movement toward the anterior easier to make by gravity alone, so 
not as many anterior flexors are neeessary. 

6. All the extrinsic and intrinsie muscles of the tongue are involved in different aspeets of the 
swallowing proeess. These muscles eontrol the position of the chewed mass of food (bolus) on 
the tongue and position it eorreetly to begin swallowing. 

7. Contracting the internal oblique eompresses the abdomen, depresses the ribs, and flexes, bends 
to the side, or rotates the spine. 

8. The anterior muscles of the neek eontrol the position of the larynx, depress the mandible, tense 
the floor of the mouth, and provide a stable foundation for muscles of the tongue and pharynx. 

9. The diaphragm is a major muscle of breathing. It is included in the axial musculature because 
it is embryologieally linked to the other muscles of the ehest wall. 

10. The muscles involved in eontrolling the head on the vertebral column include the muscles of 
the ereetor spinae and multifidus groups and the sternoeleidomastoid. These muscles eontrol 
the position of the head, maintaining posture involuntarily and moving the head voluntarily. 

Level 3 Critical Thinking 

1. The muscles of the anal triangle form the posterior aspeet of the perineum, a structure that 
has boundaries established by the inferior margins of the pelvis. A muscular sheet, the pelvie 
diaphragm, forms the muscular foundation of the anal triangle and extends as far as the pubic 
symphysis. A sphineter muscle in this region surrounds the opening to the anus. 

2. The eontraetion of the frontalis and proeems muscles causes Mary to raise her eyebrows and wrinkle 
her forehead (frontalis) and to move her nose and ehange the position and shape of the nostrils. 
Raising her eyebrows and flaring her nostrils indieates that she has some eoneerns about meeting Jill. 

Answers to Ginieal Case Wrap-Up 

Page 281 

1. In BelTs palsy, all muscles innervated by the faeial nerve (N VII), including the orbicularis 
oculi that eloses the eye, are paralyzed. The only muscle of faeial expression that is not 
innervated by the faeial nerve is the levator palpebrae superioris, which opens the eye. Eye 
opening is unaffected. 

2. All the muscles that move the mouth are affeeted in BelTs palsy. This includes the buccinators, 
depressor labii inferioris, mentalis orbicularis oris, risorius, levator anguli oris, and zygomaticus 
major and minor muscles. Sara is unable to purse her lips to whistle or blow when the left side 
of her mouth is paralyzed. 


11 THE MUSCULAR SYSTEM 

Appendicular Musculature 


Concept Check 

Page 286 

1. The aetion line of a muscle is the line of applied tension of a muscle (the line between the 
origin and insertion of a muscle as it erosses a joint). Knowing the aetion line of a muscle 
helps you determine the aetion of that muscle. 

Page 298 

2. These tendons pass through synovial tendon sheaths before reaehing their insertion points on 
the hand. 


3. This thiekened faseia is the extensor retinaculum. 

4. The deltoid muscle is the primary abductor of the arm at the shoulder. 

5. Injury to the flexor earpi ulnaris impairs wrist flexion and wrist adduction. 

6. The pronator quadratus and supinator both rotate the radius without flexing or extending the 
elbow. 

Page 301 

7. Moving medially to laterally, the five muscles in the superficial anterior eompartment of the 
forearm are the flexor earpi radialis, palmaris longus, flexor earpi ulnaris, pronator teres, and 
flexor digitomm superficialis. 

8. The radial nerve innervates all of the posterior eompartment muscles of the arm and forearm. 

Page 318 

9. The pectineus, graeilis, sartorius, rectus femoris, and iliacus are innervated by the obturator nerve. 

10. The knee extensors are eolleetively known as the quadriceps femoris. 

11. The fibularis longus and the fibularis brevis are extrinsic muscles of the foot that originate on 
the fibula. 

12. The fibularis brevis and fibularis longus evert the foot. 

13. The intrinsie muscles that originate on the calcaneus are the extensor digitomm brevis, 
abductor hallucis, flexor digitorum brevis, abductor digiti minimi, and quadratus plantae. 

Page 319 

14. The frmetions of the muscles within the lateral eompartment of the leg are to evert and plantar 
flex the ankle. 

15. The muscles of the deep eompartment of the leg are the flexor digitorum longus (flexion of 
toes 2-5 and plantar flexion of the ankle), flexor hallucis longus (flexion of the big toe and 
plantar flexion of the ankle), popliteus (medial rotation of the tibia at the knee), and tibialis 
posterior (plantar flexion of the ankle and inversion of the foot). 

16. The medial eompartment of the thigh eontains the muscles (adductor longus, adductor 
magnus, and other adductors) that adduct the thigh at the hip. 

17. The muscles of the superficial posterior eompartment of the leg are the gastrocnemius (plantar 
flexion of the ankle and flexion of the leg at the knee), soleus (plantar flexion of the ankle), 
and plantaris (plantar flexion of the ankle and flexion of the leg at the knee). 

ehapter Review 

Level 1 Revievving Faets and Terms 

l.e 2. k 3. i 4. g 5. j 6. d 7. f 8. b 9. e 10. h 11. a 12. b 13. b 14. b 15. d 16. d 

Level 2 Revievving Concepts 

1. e 

2. d 

3. d 

4. b 

5. The bieeps braehii exerts aetions on the shoulder joint (flexion), elbow joint (flexion), and 
radio-ulnar joint (supination, also termed lateral or external rotation). 

6. The muscle that beeomes greatly enlarged in ballet daneers because of the need to flex and 
abduct the hip and that supports the knee laterally is the tensor faseiae latae. 

7. The muscles that are most involved are the adductors of the thigh, which are stretehed as the 
leg is supported at the hip and ealeaneal tendon. Other muscles that may also be stretehed 
are the hamstring group at the rear of the thigh, espeeially if the daneer leans forward over 
the barre. 

8. The intrinsie muscles of the hand are involved in fine motor eontrol of the hand and 
fingers. 

9. Both the tensor faseiae latae and the gluteus maximus pull on the iliotibial traet, a band of 
eollagen fibers that provides a lateral braee for the knee. The tensor faseiae latae is espeeially 
important when a person balanees on one foot. 

10. These retinacula (flexor retinaculum and extensor retinaculum) are sheets of eonneetive 
tissue that eneirele the wrist and ankle joints and aet as a braeelet and anklet, respeetively. 

The tendons of the hand and foot pass internal to them, allowing the hand and foot to ehange 
position as they move. 

Level 3 Critical Thinking 

1. The intrinsie muscles of the hand enable you to grip a peneil with preeision, thereby allowing 
you to make the fine motor movements neeessary for writing. Additionally, the large muscles of 
the arm maintain the proper position of the arm for writing. 

2. Jerry probably injured the semimembranosus and/or the semitendinosus, sinee both of these 
muscles are primarily involved in flexing and medially rotating the thigh. 

3. Although the peetoralis muscle is loeated aeross the ehest, it inserts on the greater tubercle 
of the humerus, the large bone of the arm. When the muscle eontraets, it contributes to 
flexion, adduction, and medial rotation of the humerus at the shoulder joint. All of these arm 
movements would be partly impaired if the muscle were damaged. 

Answers to Ginieal Case Wrap-Up 

Page 324 

1. In addition to the hamstrings (bieeps femoris laterally, semitendinosus and semimembranosus 
medially), the sartorius muscle assists in knee flexion. The sartorius muscle is too weak to do 
the job by itself. 

2. With the knee extended and the avulsed hamstrings shortened to 70 pereent of their 
resting length, the proximal tendons would not reaeh the isehial tuberosity. Flexing the 
knee moves the insertion eloser to the origin, helping the tendons reaeh their original 
attaehment site. 


Answers 
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12 Surface Anatomy and Cross-Sectional 

Anatomy 


Answers to dinieal Case Wrap-Up 


Page 337 



1. A traeheostomy is performed in the anterior eervieal triangle. 

2. The best plaee to praetiee feeling the median erieothyroid ligament is on yourself. Put your 
finger on your thyroid eartilage, or “Adam’s apple.” When you swallow, you should feel this 
thyroid eartilage move superiorly and the erieoid eartilage rise to meet your finger. The soft spot 
between these two prominent eartilages is the median erieothyroid ligament. This is the safest 
plaee to gain emergeney aeeess to the airway below an obstmetion. 


13 THE NERVOLIS SYSTEM 

Nervous Tissue 


Concept Check 

Page 340 

1. The two anatomieal subdivisions of the nervous system are the eentral nervous system and the 
peripheral nervous system. 

2. The efferent division of the peripheral nervous system is divided into the somatie nervous 
system (SNS) and the autonomic nervous system (ANS). 

Page 340 

3. The two distinet eell types found within nervous tissue are neurons and neuroglia. 

4. Neuroglia have retained the ability to divide. 

Page 344 

5. Astroeytes help maintain the blood brain barrier. 

6. Myelin is the membranous eoating formed by oligodendroeytes around CNS axons. 

Page 350 

7. Sensory neurons of the peripheral nervous system are usually pseudounipolar; thus, this tissue 
is most likely assoeiated with a sensory organ. 

Page 350 

8. Wallerian degeneration is the proeess by which a peripheral nerve distal to an injury undergoes 
deterioration and regeneration. 

Page 351 

9. Myelination inereases the conduction speed of a neuron, so the neuron that conducts aetion 
potentials at 50 m/s would be myelinated. 

10. Excitability is the ability of a plasma membrane to respond to an adequate stimulus and 
generate an aetion potential. 

Page 353 

11. If the axon terminal eannot release the appropriate amount of aeetyleholine at a ehemieal 
synapse, an aetion potential will not be generated at the postsynaptie membrane. 

Page 354 

12. Divergenee is the spread of information from one neuron to several neurons or from one pool 
to multiple pools. Convergence occurs when several neurons synapse on the same postsynaptie 
neuron, or several neuronal pools synapse on one neuronal pool. 

Page 355 

13. A eenter is a eolleetion of neuron eell bodies with a eommon function. Bundles of axons in the 
CNS that share eommon origins, destinations, and functions are ealled traets. The eenters and 
traets that link the brain with the rest of the body are ealled pathways. 


ehapter Review 

Level 1 Reviewing Faets and Terms 

1. e 2. j 3. h 4. e 5. b 6. i 7. f 8. d 9. a 10. g 11. b 12. d 13. d 14. a bipolar neuron; 

b. anaxonic neuron; e. multipolar neuron; d. pseudounipolar neuron 15.a 16. e. 

Level 2 Reviewing Concepts 

1. d 

2. b 

3. e 

4. Collaterals enable a single neuron to communicate with several other eells at the same time. 

5. Exteroceptors provide information about the external environment in the form of touch, temperature, 
pressure, sight, smell, hearing, and taste. interoeeptors monitor the digestive, respiratory, cardiovascular, 
urinary, and reproductive systems and provide sensations of taste, deep pressure, and pain. 

6. The blood brain barrier (BBB) is needed to isolate nervous tissue from the general circulation 
because hormones or other ehemieals normally present in the blood could have dismptive 
effeets on neuron function. 

7. The CNS is responsible for integrating, proeessing, and eoordinating sensory data and motor 
eommands. It is also the seat of higher functions, such as intelligenee, memory, learning, and 
emotion. The PNS provides sensory information to the CNS and earries motor eommands to 
peripheral tissues and systems. 


8. The somatie nervous system eontrols skeletal muscle eontraetions, which may be voluntary 
or involuntary. The autonomic nervous system regulates smooth muscle, eardiae muscle, and 
glandular aetivity, usually outside our conscious awareness or eontrol. 

9. An eleetrieal (nonvesicular) synapse is a more effieient earrier of impulses than is a ehemieal 
(vesicular) synapse because the two eells are linked by gap junctions and function as if they 
shared a eommon plasma membrane. However, ehemieal synapses are more versatile because 
the neuron membrane ean be influenced by excitatory and inhibitory stimuli simultaneously. 
The plasma membrane at an eleetrieal synapse simply passes the signal from one eell 

to another, whereas a ehemieal synapse integrates information arriving aeross multiple 
synapses. 

10. In serial proeessing, information may be relayed in a stepwise sequence from one neuron to 
another or from one neuronal pool to the next. Parallel proeessing occurs when several neurons 
or neuronal pools are proeessing the same information at one time. 

Level 3 Critical Thinking 

1. Aetion potentials travel faster along myelinated fibers than along unmyelinated fibers. Destruction 
of the myelin sheath slows the time it takes for motor neurons to communicate with their effeetor 
muscles. This delay in response results in varying degrees of uncoordinated muscle aetivity. The 
situation is very similar to that of a newborn; the infant eannot eontrol its arms and legs very well 
because the myelin sheaths are still being laid down for the first year. Sinee not all motor neurons 
to the same muscle may be demyelinated to the same degree, some fibers are slow to respond 
while others respond normally, producing eontraetions that are erratie and poorly eontrolled. 

2. In the proeess known as Wallerian degeneration, the axons distal to the injury site deteriorate, 
and maerophages migrate in to phagoeytize the debris. The Schwann eells in the area divide and 
form a solid cellular eord that follows the path of the original axon. As the neuron reeovers, its 
axon grows into the injury site, and the Schwann eells wrap around it. If the axon continues 

to grow into the periphery alongside the appropriate eord of Schwann eells, it may eventually 
reestablish normal synaptie eontaets. If it stops growing or wanders off in some new direetion, 
normal function will not return. 

3. No, Eve’s father is not totally eorreet. In order to treat Eve’s disease, any medieation used will 
have to pass through the blood brain barrier (BBB). High doses of antibioties will be needed in 
order to faeilitate their passage through the BBB. 


Answers to Ginieal Case Wrap-Up 

Page 359 

1. The conduction veloeity of Nieole’s PNS would be slower during her acute phase of Guillain- 
Barré syndrome. As the Schwan eells divide and re-myelinate her peripheral nerve axons, the 
conduction veloeity would return to normal. 

2. The demyelination could affeet Nieole’s autonomic nervous system. The ANS regulates smooth 
muscle, eardiae muscle, and glandular aetivity. Nieole may experience eonstipation or eardiae 
arrhythmias as a result of this syndrome. 


14 THE NERVOIIS SYSTEM 

The Spinal Cord and Spinal Nerves 


Concept Check 

Page 361 

1. The eell bodies of sensory neurons are found within the dorsal root ganglion. 

2. The cauda equina is formed from the filum terminale and the long dorsal and ventral roots 
that extend caudal to the conus medullaris. 

Page 364 

3. The eerebrospinal fluid that surrounds the spinal eord is found in the subarachnoid spaee, 
which lies between the araehnoid mater and the pia mater. 

4. There are three meningeal layers surrounding the spinal eord and nerve roots. From deep (elosest 
to the spinal eord) to superficial, these three layers are the pia mater, araehnoid mater, and dura 
mater. 

Page 366 

5. Sinee the poliovirus would be loeated in the somatie motor neurons, we would find it in the 
anterior horns of the spinal eord where the eell bodies of these neurons are loeated. 

6. Aseending traets earry sensory information toward the brain. Deseending traets earry motor 
eommands into the spinal eord. 

Page 367 

7. The outermost layer is ealled the epineurium. It surrounds the entire nerve. The middle layer, 
or perineurium, divides the nerve into a series of eompartments that eontain bundles of axons. 
A single bundle is ealled a faseiele. The endoneurium is the innermost layer, and it surrounds 
individual axons. 

8. The white and gray rami eonneet the spinal nerve to a nearby autonomic ganglion. The 
white ramus earries preganglionie axons that are myelinated from the nerve to the ganglion. 
The gray ramus earries postganglionie unmyelinated axons from the ganglion baek to the 
spinal nerve. 

Page 374 

9. The phrenie nerves that innervate the diaphragm originate in the eervieal plexus. Damage to 
this plexus or, more speeifieally, to the phrenie nerves would greatly interfere with the ability to 
breathe and possibly result in death by suffocation. 

10. The braehial plexus may have been damaged. 
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Page 382 

11. (1) Stimiilation and aetivation of a reeeptor. (2) Aetivation of a sensory neuron. (3) Information 
proeessing in CNS. (4) Aetivation of a motor neuron. (5) Response by effeetor. 

12. A monosynaptie reflex has a sensory neuron synapsing direetly on a motor neuron. A 
polysynaptie reflex has more than one synapse between the stimulus and response. 


Page 398 

3. (a) teetospinal traets, (b) vestibulospinal traets 

Page 398 

4. Lower motor neurons are affeeted more by somatie motor eontrol. 


ehapter Review 

Level 1 Revievving Faets and Terms 

1. d 2. i 3. a 4. g 5. b 6. e 7. j 8. f 9. h 10. e 11. a. posterior median sulcus; b. dorsal root 

ganglion; e. white matter; d. ventral root; e. anterior median fissure 12. d 13. d; 14. b 15. d 

16. a 17. b 18. b 19. e 20. e 21. d 

Level 2 Revievving Concepts 

1. d 

2. d 

3. a 

4. The meninges provide a tough proteetive eovering, longitudinal physieal stability, and a spaee 
for shoek-absorbing fluid. 

5. A reflex is an immediate involuntary response, whereas voluntary motor movement is under 
conscious eontrol and is voluntary. 

6. ineoming sensory information would be dismpted. 

7. Transmission of information between neurons at synapses takes a finite amount of time. 

Thus, the more synapses in a reflex, the longer the delay between the stimulus and responses. 

In a monosynaptie reflex, there is only one synapse. It has the most rapid response time. In a 
polysynaptie reflex, there are multiple synapses, eaeh contributing to the overall delay. 

8. In the eervieal region, the first pair of spinal nerves, C lf exits between the skull and the first 
eervieal vertebra. Thereafter, a numbered eervieal spinal nerve exits after eaeh eervieal vertebra. 
For instanee, nerve C 2 exits after vertebra C lf nerve C 3 exits after vertebra C 2 , and so on until 
nerve C 8 , which exits after vertebra C 7 . 

9. The denticulate ligaments prevent side-to-side movements of the spinal eord. 

10. The adult spinal eord extends only as far as vertebra or L 2 . Inferior to this point in the 

vertebral foramen, the meningeal layers enelose the relatively sturdy eomponents of the cauda 
equina and a signifieant quantity of CSF. 

Level 3 Critical Thinking 

1. The rectus abdominis muscle is always retraeted laterally, as it is innervated by T 7 -T 12 , entering 
through the posterior aspeet along the lateral margin. If the muscle were to be retraeted 
medially, the nerves would be torn, thereby paralyzing the muscle. 

2. The part of the eord that is most likely eompressed is an aseending traet. 

3. The neurons for the anterior horn of the spinal eord are somatie motor neurons that direet 
the aetivity of skeletal muscles. The lumbar segments of the spinal eord eontrol the skeletal 
muscles that are involved with the eontrol of the muscles of the hip and lower limb. As a result 
of the injury, Karen would have poor eontrol of most lower limb muscles, a problem with 
walking (if she could walk at all), and (if she could stand) problems maintaining balanee. 

Answers to Ginieal Case Wrap-Up 

Page 385 

1. If Bob’s numbness began at his nipples, this would represent a T 4 dermatome. 

2. If Bob’s numbness and weakness include shoulder girdle, arm, forearm, and hand, you would 
expect to find the lesion in his eervieal spinal eord. 


15 THE NERVOIIS SYSTEM 

Sensory and Motor Traets of the Spinal Cord 


Concept Check 

Page 388 

1. (a) Aseending sensory traets have the following general organization and anatomieal pattern: 
(1) If the sensory information is raised to a conscious level, the aseending traet has three 
neurons. The posterior columns are examples of this type of traet. The first-order neuron travels 
from the reeeptor to the spinal eord. Its eell body is found within the dorsal root ganglion 

of the spinal nerve. The first-order neuron will synapse with the seeond-order neuron either 
within the spinal eord or within the brainstem. The seeond-order neuron will travel to the 
thalamus, where it will synapse with the third-order neuron, which will travel to the eerebral 
cortex. Typieally, either the first-order neuron or the seeond-order neuron will decussate to the 
opposite side. (2) If the sensory information is not raised to a conscious level, the aseending 
traet has two neurons; the two spinoeerebellar traets are examples of this type of sensory traet. 
The first-order neuron will synapse with the seeond-order neuron within the spinal eord. The 
seeond-order neuron will travel to the cerebellum on the same side. (b) Deseending motor 
traets are two-neuron traets. (1) The upper motor neuron will begin in either the eerebral 
cortex or the brainstem. It will travel to either the brainstem or the spinal eord, where it will 
synapse with the lower motor neuron. (2) The lower motor neuron will then exit the brainstem 
or spinal eord and synapse with skeletal muscle in the periphery. (3) Most deseending motor 
traets will decussate, either in the medulla or spinal eord, to the opposite side. 

Page 394 

2. The graeile fasciculus in the posterior column of the spinal eord is being eompressed. It is responsible 
for earrying information about touch and pressure from the lower part of the body to the brain. 


ehapter Revievv 


Level 1 Reviewing Faets and Terms 

1. h 2. e 3. a 4. f 5. b 6. g 7. e 8. i 9. d 10. a 11. a 12. d 13. b 14. a. graeile fasciculus; á 
b. cuneate fasciculus; e. posterior spinoeerebellar traets; d. anterior spinothalamie traet 


Level 2 Revievving Concepts 

1. a 

2. The first-order neuron is the sensory neuron that delivers the sensations to the CNS. 

3. The sensory homunculus is distorted because the area of sensory cortex devoted to a particular region 
is proportional to the number of sensory reeeptors the region eontains, not to its absolute size. 

4. The eerebral nuclei are proeessing eenters that provide background patterns of movement 
involved in the performanee of voluntary motor aetivities. 

5. The vestibulospinal traets direet the involuntary regulation of balanee in response to sensations 
from the internal ear. The medial reticulospinal traets direet the involuntary regulation of 
reflex aetivity and autonomic functions. 



Level 3 Critical Thinking 

1. The problem with Cindy’s spinal eord is probably loeated in the lateral spinothalamie traet on 
the right side, somewhere around the level of spinal segment L 2 . To figure this out, you would 
need to determine (1) what traet earries sensory information from the lower limb, (2) where it 
decussates, and (3) what spinal segments innervate the hip and lower limb, as detailed in the 
dermatome illustration in ehapter 14 (Figure 14.7). 

2. The problem with John’s spinal eord is probably loeated within the posterior columns, 
speeifieally, the most lateral portions of the cuneate fasciculus. To figure this out you would 
need to determine (1) what traet earries sensory information dealing with fine touch, vibration, 
pressure, and proprioeeption from the upper limb and (2) aeeording to the medial-lateral rule, 
which portion of the involved traet would be injured that matehes John’s symptoms. 


Ansvvers to Ginieal Case Wrap-Up 

Page 402 

1. Because ALS affeets upper motor neurons you would expect to see eell death in the primary 
motor cortex of the brain. 

2. Because ALS affeets only motor neurons, you would expect the dorsal root ganglia—the loeation 
of sensory, aseending neurons—to be normal in appearanee. 


16 THE NERVOLIS SYSTEM 

The Brain and Cranial Nerves 


Concept Gieek 

Page 406 

1. The six major regions in the adult brain are the eerebmm, dieneephalon, meseneephalon 
(midbrain), pons, cerebellum, and medulla oblongata. 

2. The ventrieles are four fluid-filled ehambers that form from the neurocoel. These four 
ehambers are the two lateral ventrieles, the third ventriele, and the fourth ventriele. The lateral 
ventrieles are loeated within eaeh eerebral hemisphere. The third ventriele is loeated within the 
dieneephalon, and the fourth begins between the pons and cerebellum. In the inferior portion 
of the medulla oblongata, the fourth ventriele narrows and beeomes continuous with the 
eentral eanal of the spinal eord. Ependymal eells line the ventrieles. 

Page 412 

3. The four extensions of the dura mater are the falx eerebri, tentorium eerebelli, falx eerebelli, 
and diaphragma sellae. 

4. The blood brain barrier functions to isolate the CNS from the general circulation. 

Page 413 

5. The three types of nuclei found within the medulla are the relay nuclei, eranial nerve nuclei, 
and autonomic nuclei. 

Page 415 

6. Aseending, deseending, and transverse fibers pass through the pons. Aseending and deseending 
fibers intereonneet other portions of the CNS, and the transverse fibers intereonneet the two 
hemispheres of the cerebellum and intereonneet pontine nuclei with the eerebellar hemisphere 
on the opposite side. 

Page 415 

7. The eorpora quadrigemina are found within the tectum of the meseneephalon (midbrain). The 
two superior colliculi are visual reflex eenters, while the two inferior colliculi are auditory reflex 
eenters. 
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8. ehanges in body temperature stimulate the pre-optie area of the hypothalamus, a division of 
the dieneephalon. 

9. The thalamus eoordinates somatie motor aetivities at the conscious and subconscious levels. 


Ansvvers 


799 
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10. The superior, middle, and inferior eerebellar peduncles link the cerebellum to the eerebmm, 
brainstem, and spinal eord. 

11. The two main functions of the cerebellum are adjusting the postural muscles of the body and 
programming and fine-tuning voluntary and involuntary movements of the body. 


Page 432 



12. The frontal lobe eontains the primary motor cortex for voluntary muscular aetivities. 
Additionally, it eontains the prefrontal cortex, which integrates information and 
performs abstraet intellectual functions. The parietal lobe eontains the primary 
somatosensory cortex, which reeeives somatie sensory information. The oeeipital lobe 
eontains the visual cortex for conscious pereeption of visual stimuli. The temporal lobe 
eontains the auditory cortex and olfaetory cortex for the conscious pereeption of auditory 
and olfaetory stimuli. 

13. The three major groups of axons in the eentral white matter are (1) assoeiation fibers, traets 
that intereonneet areas of neural cortex within a single eerebral hemisphere; (2) commissural 
fibers, traets that eonneet the two eerebral hemispheres; and (3) projeetion fibers, traets that 
link the cerebrum with other regions of the brain and spinal eord. 


Page 444 


14. The eranial nerve responsible for tongue movements is the hypoglossal nerve (XII). 

15. The faeial nerve (VII) is involved with taste sensation. 


ehapter Review 

Level 1 Revievving Faets and Terms 

1. (a) thalamus; (b) corpus callosum; (e) eerebral aqueduct; (d) cerebellum; (e) pons 2. b 

3. a 4. d 5. d 6. a 7. b 8. d 9. e 10. d 11. d 

Level 2 Revievving Concepts 

1. b 

2. The brain ean respond with greater versatility because it includes many more interneurons, 
pathways, and eonneetions than the traets of the spinal eord. 

3. Damage would have occurred in the premotor cortex of the frontal lobe. 

4. Impulses from proprioeeptors must pass through the olivary nuclei on their way to the 
cerebellum. 

5. The nuclei involved in the eoordinated movement of the head in the direetion of a loud noise 
are the inferior colliculi. 

6. The eranial nerves that eolleetively partieipate in eye function are N II, N III, N IV, N V, and N VI. 

7. The person might have a lesion in the limbie system. 

8. A less intaet blood brain barrier suggests that the endothelium is extremely permeable. This 
permeability exposes hypothalamie nuclei to circulating hormones and permits the diffusion of 
hypothalamie hormones into the circulation. 

Level 3 Critical Thinking 

1. inereasing pressure in the cranium could eompress important blood vessels, leading to further 
brain damage in areas not direetly affeeted by the hematoma. Pressure on the brainstem could 
disrupt vital respiratory, cardiovascular, and vasomotor functions and possibly cause death. 
Pressure on the motor nuclei of the eranial nerves would lead to drooping eyelids and dilated 
pupils. Pressure on deseending motor traets would impair muscle function and deerease muscle 
tone in the affeeted areas of the body. 

2. The person might have an epidural hemorrhage, an extremely serious injury that occurs when 
an artery—one of the meningeal vessels—breaks and allows blood to leak into the epidural 
spaee. Depending on the size of the break, more or less blood may enter the spaee, and at 
different rates of speed. Such injuries cause death in 100 pereent of untreated eases and in 
approximately 50 pereent of treated eases because the brain ean be damaged by eompression 
and starvation of the normal blood supply before the problem is diseovered. 


Answers to dinieal Case Wrap-Up 
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1. Broea’s area is usually loeated in the left hemisphere. Dr. Taylor was unable to speak or understand 
speeeh. The primary motor cortex that direets voluntary movement of the right side of the body is 
loeated in the left hemisphere, in the preeentral gyms of the eerebral cortex. She was unable to use 
her right arm. These faets indieate that the stroke affeeted the left side of her brain. 

2. Neuroplasticity is the ability of nerve eells in the brain to make new eonneetions to other nerve 
eells. Following trauma to the brain, as in a stroke, brain eells that are still alive but dormant ean 
make new eonneetions with other nerve eells. These ehanges are known as healing after a stroke. 


2. Norepinephrine is the neurotransmitter released by most postganglionie sympathetie fibers. 

3. Preganglionie fibers of the parasympathetie division of the ANS originate in either the 
brainstem (eranial nerves III, IX, and X) or the saeral spinal eord. 
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4. The neurons that synapse in the eollateral ganglia originate in the inferior thoraeie and 
superior lumbar regions of the spinal eord and pass through the sympathetie ehain ganglia 
without synapsing before reaehing the eollateral ganglia. 

5. Bloeking the beta reeeptors on eells would deerease or prevent sympathetie stimulation of those 
tissues. This would result in deereased heart rate and foree of eontraetion and relaxation of the 
smooth muscle in the walls; the eombination would lower blood pressure. 

6. Sympathetie ehain ganglia (paravertebral ganglia) are on both sides of the vertebral 
column. Neurons in these ganglia eontrol effeetors in the body wall, inside the thoraeie 
eavity, and in the head and limbs. Collateral ganglia (prevertebral ganglia) are anterior 
to the vertebral column. Neurons on these ganglia innervate tissues and organs in the 
abdominopelvie eavity. 
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7. Intramural ganglia are loeated in the tissues of their target organs. 

8. Sympathetie stimulation has such widespread effeets because (1) the extensive divergenee 
of preganglionie fibers in the sympathetie division distributes sympathetie output to many 
different viseeral organs and tissues simultaneously, and (2) the release of E and NE by the 
adrenal medullae affeets tissues and organs throughout the body. 
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9. Viseeral reflexes are the simplest functional units in the autonomic nervous system. They 
provide automatic motor responses that ean be modified, faeilitated, or inhibited by higher 
eenters, espeeially those of the hypothalamus. 

10. The eeliae plexus, the inferior mesenterie plexus, and the hypogastrie plexus are three plexuses 
in the abdominopelvie eavity. 


ehapter Review 

Level 1 Reviewing Faets and Terms 
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Level 2 Revievving Concepts 
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5. There are no enzymes to break down epinephrine and norepinephrine in the blood and very 
little in peripheral tissues. 

6. The parasympathetie division innervates only viseeral structures served by some eranial nerves 
or lying within the thoraeie and/or abdominopelvie eavities. The sympathetie division has 
widespread impaet due to extensive eollateral branehing of preganglionie fibers, which reaeh 
viseeral organs and tissues throughout the body. 

7. Sympathetie ehain ganglia are innervated by preganglionie fibers from the thoracolumbar 
regions of the spinal eord, and they are intereonneeted by preganglionie fibers and axons 
from eaeh ganglion in the ehain innervating a particular body segment. The eollateral ganglia 
are part of the abdominal autonomic plexus anterior to the vertebral column. Preganglionie 
sympathetie fibers innervate the eollateral ganglia as splanehnie nerves. Intramural ganglia are 
part of the parasympathetie division. They are loeated near or within the tissues of the viseeral 
organs. 

8. The sympathetie division of the ANS stimulates metabolism, inereases alertness, and prepares 
for emergeney in “fight-or-flight. ,, The parasympathetie division promotes relaxation, nutrient 
uptake, energy storage, and “rest-and-digest.” 

9. Viseeral motor neurons, ealled preganglionie neurons, send their axons, ealled preganglionie 
fibers, from the CNS to synapse on ganglionie neurons, whose eell bodies are loeated in ganglia 
outside the CNS. 

Level 3 Critical Thinking 

1. Cutting off autonomic nervous system stimulation to the stomaeh through the vagus nerve 
deereases stimulation of digestive glands, thus reducing their seeretion. This may diminish 
ulcers in the wall of the stomaeh. 

2. Kassie should be treated with epinephrine. This would mimie sympathetie aetivation, which 
dilates air passageways in the lungs. The eonstrietion of her respiratory passages would be 
alleviated. 


17 THE NERVOIJS SYSTEM 

Autonomic Nervous System 


Concept Check 

Page 450 

1. Preganglionie fibers are short with myelinated axons; preganglionie neurons have their eell 
bodies in the CNS, and their axons projeet to ganglia in the PNS. Postganglionie fibers are long 
and unmyelinated; postganglionie neurons have their eell bodies in ganglia in the PNS, and 
their axons innervate effeetor eells. 


Answers to dinieal Case Wrap-Up 

Page 469 

1. If Tim is already lying down, he ean't hurt himself by falling. Also, lying down plaees his head 
level with or lower than his heart, so his brain will get more blood. Under parasympathetie 
stimulation, heart rate, foree of eontraetion, and blood pressure deerease. The heart eannot 
push blood against gravity under the influence of the parasympathetie stimulation. If the head 
is level with or below the level of the heart, gravity need not be overeome. 

2. In addition to the reflexive sympathetie aetivity at the heart and vascular system, the 
hypothalamus would initiate sympathetie aetivation. This would stimulate the reticular 
aetivating system, inereasing alertness. Stimulation of the respiratory eenters of the pons and 
medulla oblongata would inerease breathing rate and depth. 
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18 THE NERVOIIS SYSTEM 

General and Speeial Senses 


Concept Check 

Page 473 

1. Free nerve endings may be aetivated by ehemieal stimulation, pressure, temperature ehanges, or 
physieal damage. 

2. Tonie reeeptors are alvvays aetive, whereas phasie reeeptors are normally inaetive, but beeome 
aetive for a short time. 

3. A sensation is the sensory information arriving at the CNS. 

4. The general senses refer to sensations of temperature, pain, touch, pressure, vibration, and 
proprioeeption (body position). 
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5. Sinee noeieeptors are pain reeeptors, if they are stimulated, you pereeive a sensation of pain in 
your affeeted hand. 

6. Proprioeeptors relay information about limb position and movement to the eentral nervous 
system, espeeially the cerebellum. Laek of this information would result in uncoordinated 
movements, and the individual would probably be unable to walk. 

7. The three elasses of meehanoreeeptors are taetile reeeptors, baroreeeptors, and 
proprioeeptors. 
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8. Your roommate is ineorreet. The olfaetory traet, eontrary to other sensations that are raised to a 
conscious level, does not pass through the thalamus. 
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9. When you have a eold, airborne molecules eannot reaeh the olfaetory sensory neurons and 
meals taste dull and unappealing. 

10. Gustatory epithelial eells are clustered in individual taste buds. Lingual papillae eontain taste 
buds. 

11. The tongue has four types of lingual papillae: filiform, fungiform, vallate, and foliate. 
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12. Two small muscles eontraet to proteet the tympanie membrane from loud noises. These are the 
tensor tympani and stapedius. 

13. Shaking the head “no” stimulates the hair eells of the lateral semicircular duct. This 
stimulation is interpreted by the brain as a movement of the head. 

14. Loss of stereoeilia (as a result of eonstant exposure to loud noises, for instanee) reduces hearing 
sensitivity and could eventually result in deafness. 

15. The eoehlear duct (seala media) is sandwiched between the seala vestibuli (vestibular duct) and 
seala tympani (tympanie duct). The hair eells for hearing are loeated in the eoehlear duct. 

Page 500 

16. Inadequate tear production affeets the eornea first. Sinee the eornea is avascular, the eells 
of the eornea must obtain oxygen and nutrients from the tear fluid that passes over its 
surface. 

17. The two structures most affeeted by an abnormally high intra-ocular pressure are (1) the seleral 
venous sinus (the aqueous humor no longer has free aeeess to this structure) and (2) the optie 
nerve (the nerve fibers of this structure are distorted, which affeets visual pereeption). 

18. An individual born without eones would be able to see only in blaek and white 
(monoehromatie) and would have very poor visual acuity. 

19. Ciliary proeesses are folds in the epithelium of the eiliary body. The eiliary body includes the 
eiliary muscle, which helps eontrol the shape of the lens for near and far vision. 


ehapter Review 

Level 1 Reviewing Faets and Terms 

1. (a) posterior eavity; (b) posterior ehamber; (e) lens; (d) iris 2. e 3. d 4. a 5. b 6. b 7. e 

8. b 9. e 10. e 11. (a) eoehlea; (b) tympanie eavity; (e) tympanie membrane; (d) semicircular 
eanals 

Level 2 Reviewing Concepts 

1. a 

2. d 

3. e 

4. Reeeptor speeifieity means that eaeh reeeptor has a eharaeteristie sensitivity. For example, a 
touch reeeptor is very sensitive to pressure but relatively insensitive to ehemieal stimuli. 

5. An inereased quantity of neurotransmitter is released when the stereoeilia of the hair eell are 
displaeed toward the kinocilium. 

6. The hair eells in the internal ear aet as sensory reeeptors. 

7. Sensory adaptation is a reduction in sensitivity in the presenee of a eonstant stimulus. The 
reeeptor responds strongly at first, but thereafter the aetivity along the afferent fiber gradually 
deelines, in part because of synaptie fatigue. 

8. Sensory eoding provides information about the strength, duration, variation, and movement of 
the stimulus. 

9. An individual with damage to the lamellar corpuscles would have trouble feeling direet 
pressure, such as a pineh. 

10. The bony labyrinth is a shell of dense bone. It surrounds and proteets fluid-filled tubes and 
ehambers known as the membranous labyrinth. 


Level 3 Critical Thinking 

1. In removing the polyps, some of the olfaetory epithelium was probably damaged or destroyed. 
This would deerease the surface area available for the deteetion of odor molecules and thus the 
intensity of the stimulus. As a result, after the surgery it would take a larger stimulus to provide 
the same level of smell that could be deteeted before the surgery. 

2. Jared has an infeetion of the middle ear, which is most often of baeterial origin and most 
eommonly found in ehildren and infants. During an upper respiratory infeetion pathogens 
usually gain aeeess to the middle ear eavity through the auditory tube, which is shorter 
and more horizontally oriented in infants and ehildren than in adults. As the infeetion 
progresses, the middle ear eavity ean fill with pus. The inerease in pressure in the middle 
ear eavity ean eventually rupture the tympanie membrane. This eondition ean be treated 
with antibioties. 

3. When you have a eold, the mucous membranes of your nasal and oral eavities swell and may 
beeome plugged with mucus, preventing the molecules that form the odors of foods from 
reaehing the olfaetory epithelium at the superior aspeet of the olfaetory ehamber. As much of 
what we pereeive as taste is really olfaetion, a reduced sense of smell deereases the appeal of 
foods. 



Answers to eiinieal Case Wrap-Up 


Page 504 


1. When looking into the external auditory eanal, John’s doetor ean see only up to the tympanie 
membrane. The tympanie membrane is opaque, so she eannot see through it into the middle or 
internal ear. 

2. No, it does not affeet sound conduction. Because Ménière’s disease is a phenomenon of the 
internal ear, speeifieally of endolymph, it does not affeet the conduction of sound through the 
middle ear. 


19 | The Endoerine System 


Concept Check 

Page 508 

1. A target eell is a speeifie eell that that has reeeptors needed to bind hormones and respond to 
their presenee. Flormones ehange cellular metabolie aetivities. 
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2. The hypothalamus is the region of the brain responsible for regulating hormone seeretion by 
the pituitary gland. 

3. The two regions of the pituitary gland are the anterior lobe and the posterior lobe. The posterior 
lobe of the pituitary gland eontains axon terminals of neurons whose eell bodies are in the 
hypothalamus. When these neurons are stimulated, their axon terminals release oxytocin or 
ADFF. Most endoerine eells of the anterior lobe of the pituitary gland are eontrolled by the 
seeretion of regulatory faetors from the hypothalamus. 
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4. Thyroxine (T 4 ), triiodothyronine (T 3 ), and ealeitonin (CT) are hormones assoeiated with the 
thyroid gland. 
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5. Removal of the parathyroid glands would result in a deerease in the blood levels of calcium 
ions. This ean be counteracted by inereasing the amount of vitamin D and calcium in 

the diet. 
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6. The thymus lies just posterior to the sternum within the mediastinum of the thoraeie eavity. 
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7. The region of the gland affeeted is the zona glomemlosa. The defieient hormone is aldosterone. 
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8. EPO is used by some endurance athletes in “blood doping” in an attempt to inerease red blood 
eell production, thus inereasing the blood volume and its oxygen-carrying eapaeity. 
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9. The panereatie islets make up the endoerine panereas. The primary hormones released are 
glucagon, insulin, somatostatin, and panereatie polypeptide. 
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10. The testes produce testosterone and inhibin. Testosterone promotes the production of 
functional sperm, maintains the seeretory glands of the male reproductive traet, influences 
seeondary sexual eharaeteristies, and stimulates muscle growth. Inhibin depresses the seeretion 
of FSFT by the anterior lobe of the pituitary gland. 
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11. Melatonin is thought to help regulate our eireadian rhythms, which play a role in our sleep 
patterns. Taking melatonin might help counteract “jet lag” by allowing an international traveler 
to sleep more regularly during flight and immediately after erossing multiple time zones. 
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12. The reproductive hormones show the most dramatie deeline as we age. 


Answers 
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Level 2 Revievving Concepts 

1. b 

2. b 

3. The nervous system has loealized, immediate, short-term effeets on neurons, gland eells, muscle 
eells, and fat eells. The endoerine system has widespread, gradual, long-term effeets on all tissues. 

4. On the basis of their ehemieal structure, hormones ean be divided into amino aeid derivatives, 
peptide hormones, and lipid derivatives. There are two groups of lipid derivatives: eieosanoids 
and steroid hormones. 

5. The primary targets of testosterone are most eells in the body. Its effeets include supporting 
functional maturation of sperm, protein synthesis in skeletal muscles, male seeondary sex 
eharaeteristies, and assoeiated behaviors. 

6. Thyroid hormones inerease energy utilization, oxygen consumption, and growth and 
development of eells. 

7. Parathyroid glands produce parathyroid hormone (PTH) in response to low calcium 
eoneentrations. PTH inereases calcium ion eoneentrations in body fluids by stimulating 
osteoelasts, inhibiting osteoblasts, reducing urinary excretion of calcium ions, and promoting 
intestinal absorption of calcium (through stimulation of ealeitriol production by the kidneys) 
until blood calcium ion eoneentrations return to normal. 

8. Melatonin slows the maturation of sperm, ooeytes, and reproductive organs by inhibiting the 
production of a hypothalamie-releasing hormone that stimulates FSH and LH seeretion. 

9. The eapillary network is part of the hypophyseal portal system. Capillaries in the hypothalamus 
absorb regulatory seeretions from hypothalamie nuclei, then unite as portal vessels, which proeeed to 
the anterior pituitary gland. There, the portal vessels braneh into a seeond eapillary network, where 
regulatory faetors leave the vessels and stimulate endoerine eells in the anterior pituitary gland. 

Level 3 Critical Thinking 

1. Seeretion of growth hormone (GH) by the pituitary gland is stimulated by growth hormone- 
releasing hormone and inhibited by GH-inhibiting hormone, or somatostatin. Most pituitary 
tumors resulting in exaggerated growth patterns, such as aeromegaly, are tumors that result in 
excess growth of the somatotropes within the pituitary. This excessive growth of somatotropes 
within the pituitary will result in elevated blood levels of GH. 

2. The two abnormalities are diabetes insipidus and diabetes mellitus. In diabetes insipidus, 
the posterior pituitary no longer produces ADH; dehydration consequently occurs, and 
inereased urination is an outcome. In diabetes mellitus, there is an inadequate production 
of insulin, which results in an elevation of blood glucose levels and an inerease in urine 
production. 

3. Hypothyroidism ean be caused by one of the following: (1) the hypothalamus isn’t 
seereting enough releasing hormone to stimulate adequate production of TSH by the 
adenohypophysis gland, (2) the adenohypophysis gland eannot produce normal levels of 
TSH under normal stimulation, or (3) the thyroid gland is unable to respond normally to 
TSH stimulation. 

4. Two kidney hormones aet indireetly to inerease blood pressure and volume, opposed by a 
hormone from the heart. First, renin, released by kidney eells, eonverts angiotensinogen 
from the liver into angiotensin I, which is eonverted by the eapillaries of the lungs into 
angiotensin II. Angiotensin II stimulates suprarenal production of aldosterone, which in 
turn causes the kidney to retain sodium ions and water, thereby reducing fluid loss in the 
urine and inereasing blood volume and pressure. Erythropoietin (EPO), the seeond kidney 
hormone, stimulates red blood eell production by bone marrow. Released when blood 
pressure or oxygen levels are low, EPO ultimately inereases blood volume and its oxygen- 
earrying eapaeity. When blood pressure or volume beeomes excessive, eardiae muscle in the 
right atrium produces atrial natriuretic peptide (ANP). ANP suppresses the release of ADH 
and aldosterone, stimulating water and sodium loss at the kidneys and gradually reducing 
blood volume and pressure. 


Answers to dinieal Case Wrap-Up 

Page 527 

1. Yes, if Kathy’s thyroid were not functioning well, both her T 3 and T 4 hormones would be low. 

2. If Kathy’s T 3 and TSH levels are both low, this would indieate pathology in her pituitary gland 
or her hypothalamus. 


20 the cardiovascular system 

Blood 


Concept Check 

Page 531 

1. Blood earries heat away from areas that are warm and distributes it to the skin when the body 
is too warm and to vital organs when the body is eold; marked slowing of flow would disrupt 
the body’s ability to eool or warm itself properly. 

2. A hypovolemie individual has a low blood volume and would therefore have abnormally low 
blood pressure. 

3. Whole blood eontains signifieant mimbers of formed elements, such as red blood eells, white blood 
eells, and platelets. These eomponents of the blood make it thieker and more resistant to flow. 


Page 539 

4. The hematoerit value elosely approximates the pereentage of red blood eells; thus, red blood 
eells account for 42 pereent of her blood volume. 

5. Red blood eells have the ability to staek and ereate a rouleau, which ean pass through a tiny 
blood vessel more easily than could many separate red blood eells. In addition, red blood eells 
are flexible, which allows them to squeeze through small eapillaries. 

6. Neutrophils appear in the greatest number in an infeeted cut. 

7. The granules eontain histamine; its release promotes inflammation at the injury site. 
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8. Erythropoietin inereases the rate of both erythroblast eell division and stem eell division, and it 
speeds up the maturation of RBCs. 

9. Hematopoietie stem eells produce all formed elements. 

10. The ejeetion of the nucleus transforms an erythroblast into a reticulocyte. 

11. Megakaryoeytes, which are derived from hemopoietie stem eells, produce platelets. 

ehapter Revievv 

Level 1 Revievving Faets and Terms 

1. (a) basophil; (b) lymphoeyte; (e) neutrophil; (d) eosinophil; (e) monoeyte 2. d 3. d 4. b 

5. b 6. d 7. e 8. d 9. a 10. b 11. e 

Level 2 Reviewing Concepts 

1. e 

2. d 

3. e 

4. The volume of paeked eells is a hematoerit. It is expressed as a pereentage and elosely 
approximates the volume of erythroeytes in the blood sample. As a result, the hematoerit value 
is often ealled the volume of paeked red eells or simply the paeked eell volume. 

5. The elotting reaetion seals the breaks in blood vessel walls, preventing ehanges in blood volume 
that could seriously affeet blood pressure and cardiovascular function. 

6. A mature megakaryoeyte begins to shed its eytoplasm in small membrane-enelosed paekets 
ealled platelets. 

7. Lipoproteins are protein-lipid molecules that readily dissolve in plasma. Some lipoproteins 
transport insoluble lipids to peripheral tissues. 

8. People with type O blood have anti-A and anti-B antibodies in their plasma. Thus, they could 
not reeeive blood from an AB donor because the RBCs in this blood type eontain surface 
antigens A and B on their surface. A eross-reaetion would occur. 

Level 3 Critical Thinking 

1. At higher elevations, eaeh erythroeyte earries less oxygen because less oxygen is present in the 
atmosphere. This situation triggers erythroeytosis, the production of an inereased number of 
erythroeytes in response to a large release of erythropoietin from oxygen-deprived tissues. The larger 
number of RBCs inereases the total oxygen-carrying eapaeity of the blood to offset the lower saturation 
of eaeh RBC. Thus, when the athlete moves baek to a lower elevation, his or her blood ean earry even 
more oxygen, inereasing endurance and perhaps allowing better performanee in eompetition. 

2. A major function of the spleen is to destroy old, defeetive, and worn-out red blood eells. 

As the spleen inereases in size, so does its eapaeity to eliminate red blood eells, and this 
produces anemia. The deereased number of red blood eells deereases the blood’s ability to 
deliver oxygen to the tissues and thus the metabolism is slowed down. This accounts for the 
tired feeling and laek of energy. Because there are fewer red blood eells than normal, the 
blood circulating through the skin is not as red, and so the person has pale or white skin. 


Answers to Ginieal Case Wrap-Up 
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1. If Danny had acute myeloid leukemia, his blood smear would eontain a high number of 
immature myeloblast eells. 

2. Normally, there are 5000 to 10,000 white blood eells per cubic mieroliter, and 30 pereent of 
these are lymphoeytes. 


21 THE CARDIOVASCULAR SYSTEM 

The Heart 


Concept Check 

Page 546 

1. The two circuits of the cardiovascular system are the pulmonary circuit, which pumps blood to 
the lungs, and the systemie circuit, which pumps blood to the rest of the body. 
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2. The perieardial eavity is a potential, fluid-filled spaee between the outer parietal layer and the 
inner viseeral layer of the serous pericardium. It eontains perieardial fluid, which aets as a 
lubricant, reducing frietion between opposing surfaces. 
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3. Cardiac muscle tissue eontains a single, eentrally plaeed nucleus, abundant mitoehondria, 
relatively short T tubules, an extensive blood supply, and interealated dises. Skeletal muscle 
tissue has multiple nuclei, fewer mitoehondria, relatively long T tubules, a less extensive blood 
supply, and no interealated dises. 
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4. Cardiac muscle eells are eonneeted to their neighbors at speeialized junctional sites termed 
interealated dises. At an interealated dise, the membranes are bound together by desmosomes, 
myofibrils of the eells are anehored to the membrane, and gap junctions eonneet the eells. 
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5. The groove between the atria and ventrieles is the eoronary sulcus. 

6. The base of the heart is the broad superior portion of the heart, and it includes the origins of 
the major arteries and veins and the superior surfaces of the two atria. 
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7. The valves prevent backflow from the ventrieles into the atria when the ventrieles eontraet, so 
without them, the blood would rush baek into the atria. 

8. As the ventrieles begin to eontraet, they foree the AV valves to elose, which in turn pull on the 
ehordae tendineae. The ehordae tendineae pull on the papillary muscles. The papillary muscles 
respond by eontraeting, opposing the foree that is pushing the valves toward the atria. 

Page 561 

9. The right eoronary artery branehes off the aseending aorta. It passes around the right side 
of the heart in the eoronary sulcus, giving branehes to the right atrium and right ventriele, 
including the atrioventricular branehes, the sinoatrial nodal braneh, the right marginal artery, 
the atrioventricular nodal braneh, and the posterior interventricular braneh. 

10. The left eoronary artery supplies blood to (1) most the left ventriele, (2) some of the right ventriele, 
(3) most of the left atrium, and (4) the anterior two-thirds of the interventricular septum. 

Page 561 

11. The two types of speeialized eardiae muscle eells are nodal eells and conducting eells. Nodal 
eells establish the rate of eardiae eontraetion, and conducting eells distribute the eontraetile 
stimulus to the myocardium. 

Page 562 

12. If the eells of the SA node were not functioning, the heart would still continue to beat, but at a 
slower rate, following the paee set by the AV node. 

13. Because the plasma membranes of paeemaker eells depolarize spontaneously and are eleetrieally 
eonneeted to one another, to conducting fibers, and to eardiae muscle eells, eontraetions are 
able to travel through the conducting system and trigger the eontraetions of eardiae muscle eells. 
The timing of eontraetion is eontrolled by the rate of propagation and the distribution of the 
eontraetile stimulus to the eardiae muscle tissue in the atria versus the ventrieles. 

Page 563 

14. Sympathetie neurons release norepinephrine (NE), which inereases both the heart rate and 
foree of eontraetion through stimulation of beta reeeptors on nodal eells and eontraetile eells. 
Parasympathetie neurons release aeetyleholine (ACh), which deereases both the heart rate and 
foree of eontraetion by stimulating muscarinic reeeptors on nodal eells and eontraetile eells. 

ehapter Review 

Level 1 Reviewing Faets and Terms 

1. f 2. e 3. h 4. e 5. b 6. j 7. g 8. a 9. i 10. d 11. d 12. (a) superior vena eava; 

(b) interventricular septum; (e) pulmonary tmnk; (d) left eommon earotid artery 13. b 14. e 

15. a 16. e 

Level 2 Reviewing Concepts 

1. a and b 

2. e 

3. e 

4. Cardiac muscle eells are like skeletal muscle fibers in that eaeh eardiae muscle eell eontains organized 
myofibrils, and the alignment of their sareomeres gives the eardiae tissue a striated appearanee. 

5. The aortie and pulmonary valves do not require muscular braees because the arterial walls do 
not eontraet, and the relative positions of the cusps are stable. 

6. A paeemaker eell is a eell that depolarizes spontaneously. The normal paeemaker eells (SA node) 
depolarize at the fastest rate. Other groups of eells that have the potential to serve as paeemaker eells 
are the atrioventricular node, AV bundle, right bundle braneh, left bundle braneh, and Purkinje fibers. 

7. Perieardial fluid is seereted by perieardial membranes and aets as a lubricant, reducing frietion 
between the opposing viseeral and parietal perieardial surfaces. 

8. The left ventriele has the thiekest walls because it needs to exert so much foree to push blood 
around the systemie circuit. 

9. Nodal eells are unique because their plasma membranes depolarize spontaneously. Speeifie types 
of nodal eells ealled paeemaker eells are responsible for establishing the rate of eardiae eontraetion. 

10. The SA node, which is eomposed of eells that exhibit rapid paeemaker potential, is the 

paeemaker of the heart. The AV node slows the impulse that signals eontraetion because its 
eells are smaller than those of the conduction pathway. 

Level 3 Critical Thinking 

1. It would appear that Harvey has a regurgitating mitral valve. When an AV valve fails to elose 
properly, the blood flowing baek into the atrium produces the abnormal heart sound, or 
murmur. If the sound is heard at the beginning of the systole, this would indieate the AV valve 
because this is the period when the valve is just elosed and the blood in the ventriele is under 
inereasing pressure; thus, the likelihood of backflow is the greatest. If the sound is heard at the 
end of systole or the beginning of diastole, it would indieate a regurgitating semilunar valve—in 
this ease, the aortie semilunar valve. 

2. During taehyeardia, the heart beats at an abnormally fast rate. The faster the heart beats, the 
less time there is between eontraetions for it to fill with blood again. As a result, over a period 
of time, the heart fills with less and less blood and thus pumps less blood out. The stroke 
volume deereases, as does the eardiae output. When the eardiae output deereases to the point 
where not enough blood reaehes the eentral nervous system, loss of consciousness occurs. 

3. Aeetyleholine is likely to be released, resulting in a deereased heart rate. 


Answers to dinieal Case Wrap-Up 

Page 566 

1. Ellen felt like she was having a myoeardial infaretion because her heart was isehemie, or 
laeking a good blood supply. In left ventricular apieal hypokinesis, there is not enough blood 
pressure in the proximal aorta to fill the eardiae arteries. This eardiae isehemia mimies a 
bloeked eardiae artery, or cardiovascular disease. 

2. If Ellen’s eardiologist wanted to look at the right side of the heart, she could use a vein in the 
antecubital fossa, threading the eatheter “with the stream” to the superior vena eava, into the 
right atrium, through the tricuspid valve, into the right ventriele. 


22 the cardiovascular system 

Vessels and Circulation 


Concept Check 

Page 574 

1. The blood vessels are veins. Arteries and arterioles have a relatively large amount of smooth 
muscle tissue in a thiek, well-developed tunica media. 

2. Blood pressure in the arterial system pushes blood into the eapillaries. Blood pressure on the 
venous side is very low, and other forees help keep the blood moving. Valves in the walls of 
venules and medium-sized veins permit blood flow in only one direetion, toward the heart, 
preventing the backflow of blood toward the eapillaries. 

3. The femoral artery is a muscular artery. 

Page 575 

4. Venoeonstrietion is the eontraetion of the smooth muscle within the walls of veins. This helps 
reduce the volume of the venous system, which forees blood into the arterial system in an 
attempt to maintain normal arterial blood volume. 

Page 576 

5. This allows for accurate anatomieal deseriptions as the blood vessel extends from the aorta to 
the periphery (great toe on the left foot). 

Page 576 

6. The pulmonary arteries enter the lungs earrying deoxygenated blood, and the pulmonary veins 
leave the lungs earrying oxygenated blood. 

Page 587 

7. The earotid arteries supply blood to structures of the head and the neek, including the brain. 

8. The right braehial artery is the artery at the bieeps region. 

9. The external iliae artery gives rise to the femoral artery in the thigh. 

10. Damage to the internal earotid arteries does not always result in brain damage because the 
vertebral arteries also supply blood to the brain. 

Page 596 

11. The superficial veins are dilated to promote heat loss through the skin. 

12. The superior vena eava reeeives blood from the head, neek, ehest, shoulders, and upper limbs. 

13. Blood from the intestines eontains high amounts of glucose, amino aeids, and other nutrients and 
toxins absorbed from the digestive traet. These are proeessed by the liver before the blood goes to the 
general systemie circuit in order to keep the eomposition of the blood in the body relatively stable. 

Page 598 

14. The ehanges in the heart and the major vessels that occur at birth are as follows: (1) The 
pulmonary vessels expand; (2) the ductus arteriosus eontraets, foreing blood to flow through 
the pulmonary circuit; and (3) the valvular flap eloses the foramen ovale. 

Page 598 

15. Elastieity of the arteries allows these vessels to expand with a sudden inerease in pressure. A 
reduced ability to do so could result in a bulge or tear in the wall of the artery. 

ehapter Review 

Level 1 Revievving Faets and Terms 

1. e 2. d 3. f 4. j 5. i 6. h 7. a 8. g 9. e 10. b 11. (a) braehioeephalie trunk; (b) braehial 
artery; (e) radial artery; (d) external iliae artery; (e) anterior tibial artery; (f) right eommon earotid 
artery; (g) left subclavian artery; (h) eommon iliae artery; (i) femoral artery 12. (a) external 
jugular vein; (b) braehial vein; (e) median cubital vein; (d) radial vein; (e) great saphenous vein; 

(f) internal jugular vein; (g) superior vena eava; (h) eommon iliae veins; (i) femoral vein 
13. b 14. a 15. d 16. d 

Level 2 Reviewing Concepts 

1. b 

2. a 

3. b 

4. The aorta, braehioeephalie, pulmonary, eommon earotid, subclavian, and eommon iliae arteries 
are examples of elastie arteries. 

5. Sinusoids are found in spleen, liver, bone marrow, and adrenal glands. 

6. Arteriovenous anastomoses are direet eonneetions between arterioles and venules. 

7. Venous valves in the limbs prevent backflow and aid in the flow of blood baek to the heart by 
eompartmentalizing it. 

8. The braehioeephalie, left eommon earotid, and left subclavian are elastie arteries that originate 
on the aortie areh. 


Answers 


803 



9. The superior vena eava reeeives blood from the ehest, head, neek, shoulders, and upper limbs. 

10. Blood ean flow direetly from the right atrium to the left atrium, bypassing the pulmonary 
circuit. 



Level 3 Critical Thinking 

1. Blood ehannels eonneet the superficial circulation to the deep circulation draining into the 
eranial venous sinuses. infeetions from the superficial region in the area of the eyes ean be 
transported inward to anterior eranial sinuses, which could lead to meningitis. Therefore, it is 
important not to spread infeetion from the superficial to the deep region. 

2. In response to the high temperature of the water, John’s body shunted more blood to the 
superficial veins to deerease body temperature. The dilation of the superficial veins caused a 
shift in blood to the arms and legs and resulted in a deereased venous return. Because of the 
deereased venous return, the eardiae output deereased and less blood with oxygen was delivered 
to the brain. This caused John to feel light-headed and faint and nearly caused his demise. 

3. In heart failure, the heart is not able to produce enough foree to circulate the blood properly. 
The blood tends to pool in the extremities, and as more and more fluid accumulates in the 
eapillaries, the blood hydrostatie pressure inereases and the blood osmotie pressure deereases. 
The fluid accumulation exceeds the ability of the lymphaties to drain it, and, as a result, edema 
occurs and produces obvious swelling. 


Answers to dinieal Case Wrap-Up 

Page 601 

1. No. With no eapillary bed, there is no opportunity for exchange between blood and interstitial 
fluids within the area of the AVM. Capillaries are the only blood vessels whose walls permit the 
exchange of water, gases, or wastes between blood and surrounding interstitial fluids. 

2. Yes. AVMs ean form anywhere in the body. They are, however, most often found within the 
brain and spinal eord. 


23 | The Lymphatie System 


Concept Check 

Page 605 

1. The lymphatie system produces, maintains, and distributes lymphoeytes, which are essential to 
the defense of the body. 

2. Because lymph delivers so much of the body’s fluid baek to the bloodstream, a break in a major 
lymphatie vessel could mean a potentially fatal deerease in blood volume. 

Page 606 

3. The first eapillary is probably a lymphatie eapillary. 

Page 607 

4. The five lymphatie trunks are the lumbar trunks, intestinal trnnks, bronehomediastinal trunks, 
subclavian trunks, and jugular trnnks. 

5. The thoraeie duct drains both sides of the body inferior to the diaphragm and the left side of 
the body superior to the diaphragm. The right lymphatie duct drains the right side of the body 
superior to the diaphragm. 

Page 610 

6. T eells are the most eommon type of lymphoeyte and account for about 80 pereent of the 
body’s circulating lymphoeytes. 

7. Some B eells differentiate into memory B eells, which will beeome aetivated when the antigen 
appears again. Therefore, John’s body will be able to mount an immune response faster and 
more effeetively, possibly warding off any symptoms of illness. 

8. The body must be able to mount a rapid and powerful response to antigens, requiring the 
production of eertain types of lymphoejdes at eertain times. Without this ability, the body’s 
immune response would be slower and weaker and could fall vietim to infeetion or disease. 

Page 612 

9. Aggregated lymphoid nodules (Peyer’s patehes) are found in the mucosa of the small intestine. 

Page 619 

10. Lymph nodes are strategieally plaeed throughout the body in areas susceptible to injury or invasion. 

11. The eapillaries in the thymus do not allow free exchange between the interstitial fluid and the 
circulation. If they did, circulating antigens would prematurely stimulate the developing T eells. 

12. Lymph nodes enlarge during an infeetion due to inereased numbers of lymphoejdes and 
phagoeytes within the aetive nodes. 

Page 619 

13. It is important to get the flu vaeeine because with advaneing age, the lymphatie system 
beeomes less effeetive at eombating disease. T eells beeome less responsive to antigens; as a 
result, fewer cytotoxic T eells respond to an infeetion. Because the number of helper T eells is 
also reduced, B eells are less responsive, and antibody levels do not rise as quickly after antigen 
exposure. The net result is an inereased susceptibility to viral and baeterial infeetion. 


ehapter Revievv 

Level 1 Reviewing Faets and Terms 

1. e 2. j 3. e 4. b 5. f 6. d 7. a 8. i 9. h 10. g 11. (a) tonsil; (b) eervieal lymph node; 
(e) right lymphatie duct; (d) thymus; (e) eisterna ehyli; (f) lumbar lymph nodes; (g) appendix; 


(h) lymphaties of lower limb; (i) lymphaties of upper limb; (j) axillary lymph nodes; (k) thoraeie 
duct; (1) lymphaties of mammary gland; (m) spleen; (n) mucosa-associated lymph tissue (MALT); 
(o) pelvie lymph nodes; (p) inguinal lymph nodes 12. d 13. d 14. d 15. e 16. a 17. a 
18. a 19. b 20. d 21. e 

Level 2 Reviewing Concepts 

1. e 

2. b 

3. b 

4. The blood thymus barrier prevents premature stimulation of developing T eells by circulating 
antigens. 

5. The splenie artery and the splenie vein pass through the hilum of the spleen. 

6. The thoraeie duct eolleets lymph from areas of the body inferior to the diaphragm and from the 
left side of the body superior to the diaphragm. 

7. T eells are the most eommon type of lymphoeyte. 

8. Lymphedema is swelling in the tissues as a result of damaged valves in lymphatie vessels or 
bloeked lymphatie vessels. 

9. Immature or aetivated lymphoeytes divide to produce additional lymphoeytes of the same type. 

10. Aggregated lymphoid nodules (Peyer’s patehes) are found in the mucosal lining of the small 

intestine. 

Level 3 Critical Thinking 

1. If Tom has previously had the measles, there should be a signifieant amount of 
immunoglobulins in his blood shortly after the exposure, the result of an antibody-mediated 
immune response. If he has not previously had the disease and is in the early stages of a 
primary response, his blood might show an elevated level of antibodies. 

2. In a radieal masteetomy, lymph nodes in the nearby axilla and surrounding region are removed 
along with the cancerous breast to try to prevent the spread of eaneer eells by the lymphatie 
system. Lymphatie vessels from the limb on the affeeted side are tied off, and because there is 
no plaee for the lymph to drain, over time lymphedema causes swelling of the limb. 

3. Lymphatie eapillaries are found in most regions of the body, and lymphatie eapillaries offer 
little resistanee to the passage of eaneer eells, which often spread along them, using them as 
way stations. 

Ansvvers to dinieal Case Wrap-Up 

Page 623 

1. Graee’s lymphatie system will be producing more lymphatie stem eells that mature into both 
T and B eells to fight her Ebola infeetion. 

2. Graee will be immune to further Ebola infeetion because her lymphatie system has produced 
memory eells that will immediately reeognize and kill any further Ebola viruses that appear. 


24 | The Respiratory System 


Concept Check 

Page 627 

1. The main functions of the respiratory system include providing an extensive area for gas 
exchange between air and circulating blood; moving air to and from the exchange surfaces 
of the lungs; proteeting respiratory surfaces from dehydration, temperature ehanges, and 
other environmental variations; defending the respiratory system from pathogens; producing 
sounds involved in speaking, singing, or nonverbal communication; and helping regulate blood 
volume, blood pressure, and the eontrol of body fluid pH. 

2. The mucociliary esealator is present in the lower regions of the respiratory traet, where the eilia 
of the respiratory epithelium beat toward the pharynx, eleaning the respiratory passageways. 

Page 629 

3. The three subdivisions are the nasopharynx, oropharynx, and laryngopharynx. 

4. The eonehae cause turbulence in the inspired air. This slows air movement and brings the air 
into eontaet with the moist, warm walls of the nasal eavity. Turbulent airflow is essential for 
filtering, humidifying, and warming air and ereating currents that bring olfaetory stimuli to 
the olfaetory sensory neurons. If the nasal eavity were a tubular passageway with straight walls, 
turbulence would be minimal. 

Page 632 

5. The thyroid eartilage proteets the glottis and the opening to the traehea. 

6. During swallowing, the epiglottis folds over the glottis, preventing food or liquids from entering 
the respiratory passageways. 

7. The piteh of her voiee gets lower. 

8. The glottis could not elose without the intrinsie laryngeal muscles, so food or liquids could 
enter the respiratory passageways. 

Page 632 

9. The traeheal eartilages are C-shaped to allow room for esophageal expansion when large masses 
of food or liquid are swallowed. 

10. The traehea has a typieal respiratory epithelium, which is pseudostratified, eiliated, columnar 
epithelial eells. 

11. Traeheal eartilages prevent the overexpansion or eollapse of the airways during respiration, 
thereby keeping the airway open and functional. 

Page 633 

12. The right main bronchus is shorter, has a larger diameter, and extends toward the lung at a 
steeper angle than the left main bronchus. 
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Page 640 

13. Filtration and hiimidifieation are eomplete by the time air reaehes this point, so the need for 
eilia and mucous glands is eliminated. 

14. The surfactant eoats the inner surface of eaeh alveolus and helps to reduce surface tension and 
avoid the eollapse of the alveoli. 

Page 642 

15. Pleural fluid reduces frietion and provides lubrication between the parietal and viseeral surfaces 
during breathing. 

Page 643 

16. No. In order to inerease the flow of air into their lungs, athletes should stand upright and use 
their diaphragm, external intereostals, and aeeessory respiratory muscles to inerease the size of 
their thoraeie eavity as much as possible. 

Page 643 

17. During a baby’s first breath, air is foreed into the lungs due to the ehange in pressure. Fluids are 
pushed out of the way of the conducting passageways, and the alveoli immediately inflate with air. 
Pulmonary circulation beeomes aetivated, and this eloses the foramen ovale and the ductus arteriosus. 

Page 645 

18. Stimulation of the apneustic and pneumotaxic eenters would result in an inereased rate and 
depth of breathing. 

Page 645 

19. As your grandfather ages, his lungs do not inflate and deflate as easily due to the deterioration 
in the elastie tissue of his lungs. In addition, the ehanges in the eostal eartilages and the joints 
between the ribs and vertebral column make expansion of the thoraeie eavity more difficult 
with inereased age. These ehanges alone make it more difficult for him to eateh his breath. 

ehapter Review 

Level 1 Revievving Faets and Terms 

1. i 2. j 3. a 4. h 5. g 6. d 7. b 8. e 9. e 10. f 11. a 12. d 13. (a) nasal eavity; 

(b) nasopharynx; (e) larynx; (d) traehea 14. b 15. b 16. d 17. e 18. b 19. b 

Level 2 Revievving Concepts 

1. d 

2. a 

3. e 

4. The right lung has three lobes. 

5. Bronehodilation is the enlargement of the airway lumen. 

6. The alveolar maerophages phagoeytize particulate matter. 

7. The septa divide the lung into lobules. 

8. One group regulates tension in the voeal folds, and the seeond group opens and eloses the 
glottis. 

9. The paired laryngeal eartilages involved with the opening and elosing of the glottis are the 
corniculate and arytenoid eartilages. 

10. The laryngopharynx includes the portion lying between the hyoid bone and the entranee to the 
esophagus. 

Level 3 Critical Thinking 

1. Asthma occurs when the conducting respiratory passageways are unusually sensitive and irritable, 
usually as a result of exposure to an antigen in the inspired air. The most important symptoms 
are edema and swelling of the walls of the passageways; the eonstrietion of the smooth muscles 
in the walls of the bronehial tree, reducing lumen size; and aeeelerated production of mucus. 
Together, these faetors reduce the ability of the lungs to function normally in air exchange. 

2. Unless the infant was suffocated immediately when it was born, the first breath that it took would 
start to inflate the lungs, and some of the air would be trapped in the lungs. By plaeing the lungs 
in water to see if they float, the medieal examiner ean determine whether any air is in the lungs. 
Other measurements and tests could also be used to determine whether the infant had breathed at 
all (air in the lungs) or was dead at birth (lungs eollapsed and a small amount of fluid). 

Answers to dinieal Case Wrap-Up 

Page 649 

1. No. Andrea should not take a cough suppressant because her cough is serving a good purpose: 
As she expels the irritating mucus, she is also expelling the virus. This is a good thing and 
should not be suppressed. She should, however, be very careful to use tissues to eover her cough 
and dispose of the infeetive mucus. 

2. Andrea’s nose (runny), pharynx (sore throat), and traehea and bronehi (productive cough) are 
infeeted by this virus. Her bronehioles are likely infeeted as well. 


25 | The Digestive System 


Concept Check 

Page 655 

1. The eomponents of the mucosa are (1) the mucosal epithelium (depending on loeation, it may 
be simple columnar or stratified squamous); (2) the lamina propria, areolar tissue underlying 


the epithelium; and (3) the muscularis mucosae, bands of smooth muscle fibers arranged in 
eoneentrie layers. The mucosa of the digestive traet is an example of a mucous membrane, 
serving both absorptive and seeretory functions. 

2. Mesenteries provide an aeeess route for the passage of blood vessels, nerves, and lymphatie 
vessels to and from the digestive traet. They also stabilize the relative positions of the attaehed 
organs. 

3. Peristalsis is waves of muscular eontraetions that move substances the length of the digestive 
tube. Segmentation aetivities churn and mix the eontents of the small and large intestines but 
do not produce net movement in a particular direetion. 

4. The laek of organization in the eontraetile filaments of smooth muscle eells allows the stretehed 
smooth muscle to adapt to its new shape and still have the ability to eontraet when neeessary. ■; 


Page 659 

5. The oral eavity is lined by the oral mucosa, which is eomposed of nonkeratinized stratified 
squamous epithelium. 

6. At mealtime, saliva lubricates the mouth and dissolves ehemieals that stimulate the taste buds. 
Saliva eontains the digestive enzyme salivary amylase, which begins the ehemieal breakdown of 
earbohydrates. 

7. Carbohydrates are broken down by salivary amylase in the mouth. 

8. The ineisors cut away a seetion of the apple, which then enters the mouth. The eanines tear at 
the rough skin and pulp of the apple. The apple then moves to the premolars and molars for 
thorough mashing and grinding before finally being swallowed. 



Page 661 

9. The six groups of muscles involved in the swallowing proeess are the superior, middle, and 
inferior pharyngeal constructors and the palatopharyngeus, stylopharyngeus, and palatal 
muscles. 

10. The proeess that is being deseribed is deglutition, or swallowing. 


Page 663 

11. The following blood vessels supply the esophagus with blood: (1) the esophageal arteries, 
branehes of (2) the thyroeervieal trunk and (3) external earotid arteries of the neek, (4) the 
bronehial arteries and (5) esophageal arteries of the mediastinum, (6) the inferior phrenie 
artery, and (7) the left gastrie artery of the abdomen. 

12. The mucosa and submucosa are folded because the longitudinal folds of the esophagus allow 
expansion of the esophagus when a large bolus passes through. 

Page 668 

13. The greater omentum provides support to the surrounding organs, pads the organs from the 
surfaces of the abdomen, provides an important energy reserve, and provides insulation. 

14. The epithelium produces a earpet of mucus that eovers the interior surfaces of the stomaeh, 
providing proteetion against the powerful aeids and enzymes. Any eells that do beeome 
damaged are quickly replaeed. 

15. Chief eells seerete pepsinogen. In infants, they also seerete rennin and gastrie lipase. 

16. Gastrin, produced by G eells, stimulates the seeretion of parietal and ehief eells. 


Page 672 

17. The eharaeteristie lining of the small intestine eontains plieae circulares, which support 
intestinal villi. The villi are eovered by a simple columnar epithelium whose apieal surface 
is eovered by mierovilli. This arrangement inereases the total area for digestion and 
absorption. 

18. Circular folds line the intestine and greatly inerease the surface area available for absorption. 

19. Intestinal glands house the stem eells that produce new epithelial eells, which renew the 
epithelial surface and add intracellular enzymes to the ehyme. In addition, intestinal glands 
eontain eells that produce several intestinal hormones. 

20. The duodenum aets as a mixing bowl for the ehyme entering from the stomaeh. 


Page 675 

21. The large intestine is larger in diameter than the small intestine. The thin walls of the large 
intestine laek villi and have an abundance of goblet eells and intestinal glands. 

22. The four regions of the eolon are the aseending eolon, transverse eolon, deseending eolon, and 
sigmoid eolon. 

Page 681 

23. The liver aets as a metabolie regulator by extracting nutrients and toxins from the blood before 
it enters the bloodstream. It also regulates the blood, serving as a blood reservoir, phagoeytizing 
old or damaged RBCs, and synthesizing plasma proteins. Finally, the liver synthesizes and 
seeretes bile. 

24. Contraction of the sphineter of ampulla seals off the passageway between the gallbladder and 
the small intestine and keeps bile from entering the small intestine. 

25. The panereas produces digestive enzymes and buffers (exocrine functions) and hormones 
(endoerine functions). 


Page 682 

26. Some general digestive system ehanges that occur with aging include the following: the effeets of 
cumulative damage beeomes more apparent, the division rate of epithelial stem eells deelines, 
smooth muscle tone deereases, and eaneer rates inerease. 


ehapter Review 

Level 1 Revievving Faets and Terms 

1. e 2. a 3. d 4. f 5. j 6. g 7. h 8. e 9. i 10. b 11. (a) oral eavity, teeth, tongue; (b) liver; 
(e) gallbladder; (d) panereas; (e) large intestine; (f) salivary glands; (g) pharynx; (h) esophagus; 
(i) stomaeh; (j) small intestine; (k) anus 12. a 13. e 14. d 15. e 16. d 17. (a) mucosa; 

(b) submucosa; (e) muscular layer; (d) serosa 18. d 19. a 20. b 21. d 


Ansvvers 


805 





Level 2 Revievving Concepts 

1. c 

2. a 

3. c 

4. Lipase attaeks lipids. 

5. The hepatopanereatie sphineter seals off the passageway between the gallbladder and the small 
intestine and prevents bile from entering the small intestine. 

6. The gallbladder stores and eoneentrates bile. 

7. Stellate maerophages engulf pathogens, eell debris, and damaged blood eells in the liver. 

8. The last region of the eolon before the rectum is the sigmoid eolon. 

9. Laeteals transport materials that could not enter loeal eapillaries. These materials eventually 
reaeh the circulation via the thoraeie duct. 

10. Gastrin release is triggered by food entering the stomaeh. 

Level 3 Critical Thinking 

1. During the autopsy, the forensie seientist examined the stomaeh eontents of the murder vietim 
and found the stomaeh visually empty. As a full meal usually takes more than 4 hours to 
leave the stomaeh eompletely, it was obvious that the vietim had not eaten dinner at the time 
indieated by the murder suspect. 

2. The (1) upper esophageal, (2) lower esophageal, (3) pylorie, (4) ileoeeeal valve, (5) internal anal, 
and (6) external anal sphineters eonstriet the lumen of the digestive traet to eontrol movement 
of materials through it. Only the last, the external anal sphineter, is eomposed of skeletal muscle 
with somatie motor innervation and therefore is under conscious, voluntary eontrol. 

3. The following six histologieal layers form the wall of the digestive traet: (1) mucosal 
epithelium, (2) lamina propria, (3) muscularis mucosae, (4) submucosa, (5) muscular layer, 
and (6) serosa or adventitia. 


Ansvvers to dinieal Case Wrap-Up 

Page 686 

1. If Tayvian’s Clostridium diffieile eolitis was not successfully treated, he would continue to 
experience bloody diarrhea. This would result in progressive dehydration, abdominal pain, and 
blood loss that could eventually be fatal. 

2. If you could look at the lining of Tayvian’s large intestine with a eolonoseope, the surface 
would look inflamed, swollen, and reddened. You would likely see areas of raw bleeding 
mucosa. You might even see areas of white eells, accumulated in poekets of pus, as Tayvian’s 
immune system tries to fight this C. diffieile infeetion. 


26 | The Urinary System 


Concept Check 

Page 697 

1. The kidneys will reabsorb more water, release renin, and release erythropoietin. 

2. The route blood must take from the renal artery to the glomerulus is as follows: renal artery —> 
segmental arteries —> interlobar arteries —> arcuate arteries —> eortieal radiate arteries —> afferent 
arterioles —> glomerulus. The route blood must take from the glomerulus to the renal vein is 

as follows: glomerulus —> efferent arterioles —> peritubular eapillaries/vasa reeta —> venules —> 
eortieal radiate veins —> arcuate veins —> interlobar veins —> renal vein. 

3. Filtrate flows from the glomerulus to a minor calyx via the following route: glomerulus —> 
capsular spaee —> proximal convoluted tubule —> deseending limb of loop —> nephron loop —> 
aseending limb of loop —> distal convoluted tubule —> eonneeting tubule —> eolleeting duct —> 
papillary duct —> minor calyx. 

4. Filtration, which is a passive proeess, allows ions and molecules to pass based on their size. This 
means that if the pores are big enough to allow the passage of organie wastes, they are also big 
enough to allow the passage of water, ions, and other important organie molecules. This is why 
some elements of the filtrate must be aetively reabsorbed before the production of urine is eomplete. 

5. The nephron loop absorbs additional water from the tubular fluid and an even higher 
pereentage of the sodium and ehloride ions. This results from the high osmotie eoneentration 
of its surroundings in the medulla. 

Page 702 

6. An obstmetion of the ureters would interfere with the passage of urine from the renal pelvis to 
the urinary bladder. 

7. The mucosa lining of the urinary bladder has folds, ealled mgae, that allow the bladder to 
streteh when it is full. 

8. The urinary bladder is held in plaee by the median umbilical ligament extending from the anterior 
and superior border and the lateral umbilical ligaments passing along the sides of the bladder. 

Page 703 

9. As your grandfather has aged, his urinary system has deereased its sensitivity to ADFF, thereby 
requiring more frequent trips to the bathroom. In addition, the sphineter muscles have lost 
muscle tone and therefore have beeome less effeetive at voluntarily retaining urine. 

ehapter Revievv 

Level 1 Revievving Faets and Terms 

1. e 2. a 3. i 4. f 5. j 6. b 7. e 8. h 9. d 10. g 11. (a) renal sinus; (b) renal pelvis; 

(e) hilum; (d) renal papilla; (e) ureter; (f) cortex; (g) medulla; (h) renal pyramid; (i) minor calyx; 

(j) major calyx; (k) renal lobe; (1) renal column; (m) renal capsule 12. d 13. a 14. e 15. b 

16. b 17. d 18. d 19. e 20. e 21. e 


Level 2 Revievving Concepts 

1. b 

2. b 

3. b 

4. The glomerulus is eontained within the expanded ehamber of the nephron (glomerular capsule). 

5. The glomemlar epithelium eonsists of large eells (podoeytes) with “feet” that wrap around the 
glomerular eapillaries. 

6. The juxtaglomerular complex seeretes two hormones: renin and erythropoietin. 

7. The trigone is the triangular area of the urinary bladder bounded by the ureteral orifiees and 
the entranee to the urethra. 

8. The external urethral sphineter is under voluntary eontrol. 

9. The primary function of the proximal convoluted tubule is absorption. 

10. The mgae in the urinary bladder allow it to expand as it fills with urine. 

Level 3 Critical Thinking 

1. Sinee the external urethral sphineter provides the only conscious, voluntary eontrol of 
micturition, it is physieally impossible for a ehild to restriet urine release by ehoiee until 
the neural eontrol of the muscle matures. The internal urethral sphineter is not under 
voluntary, somatie nervous system eontrol. Before age 2, successful toilet training usually 
amounts to little more than the parents’ learning to antieipate the timing of the ehild’s 
micturition reflex. 

2. Strenuous exercise, such as long-distanee running, causes sympathetie aetivation, which 
stimulates powerful vasoeonstrietion of the afferent arterioles in the kidneys. Because these 
vessels deliver blood to the renal corpuscles, their eonstrietion deereases the rate of glomemlar 
filtration. Blood flow to the kidneys deelines further as dilated peripheral blood vessels shunt 
blood away from the kidneys and to skeletal muscle during running. As the passage of blood 
through the kidney continues to fall due to water loss during exercise, the potential for renal 
dysfunction inereases as a result of the prolonged periods of exercise assoeiated with running 
marathons. 

3. The inereased mass of the uterus, which is loeated superior and posterior to the urinary bladder 
in females, presses downward on the bladder, inereasing the feeling of pressure and triggering 
the micturition reflex, even when the bladder is only partially full. Also, as a woman eomes 
eloser to delivery of her infant, the baby might kiek her in the bladder, which would stimulate 
the micturition reflex. 

Ansvvers to dinieal Case Wrap-Up 

Page 706 

1. If jaek’s kidney stone permanently bloeked his ureter eompletely, urine would baek up in 
the kidney and eventually cause renal failure. If jaek’s right kidney is healthy, this should be 
enough to sustain him. 

2. Keeping his urine dilute is jaek’s best defense against forming more kidney stones. When urine 
is eoneentrated, calcium ean preeipitate out of solution and form more stones. 


27 | The Reprodiietive System 


Concept Check 

Page 708 

1. Gonads produce gametes: sperm in males and ooeytes in females. 

Page 719 

2. The ductus deferens, testicular blood vessels, nerves, and lymphatie vessels make up the body of 
the spermatie eord. 

3. The inguinal eanals, which are narrow eanals linking the serotal ehambers with the peritoneal 
eavity, usually elose, but the presenee of the spermatie eords leaves weak points in the 
abdominal wall. 

4. The temperature inside the peritoneal eavity is too high for the production of sperm, so the testes 
are loeated within the serotal eavity, outside the peritoneal eavity, where temperatures are eooler. 

5. The blood testis barrier isolates the inner portions of the seminiferous tubule from the 
surrounding interstitial fluid. Transport aeross the nurse eells is tightly regulated to maintain a 
very stable environment inside the tubule. 

6. After beeoming detaehed from the nurse eells, the sperm lies within the lumen of the 
seminiferous tubule. It will then travel in fluid currents along the straight tubule, through 
the rete testis, and into the epididymis, where it will remain for about 2 weeks, eompleting its 
functional maturation. Upon leaving the epididymis, the sperm will enter the ductus deferens, 
where it ean be stored for several months. The sperm then enters the ejaculatory duct, which 
enters the urethra for passage out of the body. 

Page 733 

7. The follicular eells provide the developing ooeyte with nutrients and release estrogens. They 
stimulate the growth of the folliele by seereting follicular fluid. Onee ovulation occurs, the 
remaining follicular eells in the empty folliele ereate the corpus luteum. 

8. Searring in the uterine tubes ean cause infertility by preventing the passage of an ooeyte or a 
sperm. 

9. Enlargement of the primary and seeondary follieles in the ovary happens at the same time as 
the proliferative phase of the uterine eyele. 

10. Bloekage of a single lactiferous sinus would not interfere with milk moving to the nipple 
because eaeh breast usually has between 15 and 20 lactiferous sinuses. 

11. Prolaetin, growth hormone, and human plaeental laetogen stimulate the mammary glands to 
beeome mitotieally aetive, producing the gland eells, which are neeessary for laetation. 
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Page 733 

12. Menopause is aeeompanied by a deerease in blood levels of estrogen and progesterone, which 
results in a weakening of the eonneetive tissue supporting the ovaries, uterus, and vagina, 
which would contribute to the development of a prolapsed uterus in postmenopausal women. 

13. Testosterone replaeement therapy is thought to enhanee libido (sexual drive) in older men. 

Chapter Review 

Level 1 Reviewing Faets and Terms 

1. i 2. a 3. d 4. f 5. j 6. e 7. b 8. h 9. g 10. e 11. (a) prostatie urethra; (b) spongy urethra; 

(e) ductus deferens; (d) penis; (e) epididymis; (f) testes; (g) external urethral orifiee; (h) scrotum; 

(i) seminal gland; (j) prostate; (k) ejaculatory duct; (1) bulbo-urethral gland 12. d 13. b 

14. b 15. d 16. b 17. e 18. a 19. b 20. d 21. (a) ovary; (b) uterine tube; (e) greater vestibular 

gland; (d) elitoris; (e) labium minus; (f) labium majus; (g) myometrium; (h) perimetrium; 

(i) endometrium; (j) uterus; (k) vaginal fornix; (1) cervix; (m) vagina 

Level 2 Revievving Concepts 

1. b 

2. d 

3. d 

4. The head of the sperm eell eontains a nucleus with the ehromosomes. 

5. The aerosome eontains enzymes involved in the primary steps of fertilization. 

6. Seminalplasmin is produced by the prostate; it is an antibiotie that may help prevent urinary 
traet infeetions in males. 

7. Follicular fluid causes the folliele to enlarge rapidly. 

8. During menstmation, the functional layer of the endometrium is shed. 

9. The testes normally begin to deseend at the seventh developmental month. 

Level 3 Critical Thinking 

1. Yes, Jerry will still be able to have an ereetion. Forming an ereetion is a parasympathetie 
reflex that is eontrolled by the saeral region of the spinal eord (inferior to the injury). Taetile 
stimulation of the penis would initiate the parasympathetie reflex that eontrols ereetion. Fle 
will also be able to experience an ereetion by the sympathetie route, sinee this is eontrolled 
in the T 12 -L 2 area of the eord (superior to the injury). Stimulation by higher eenters could 
produce a deereased sympathetie tone in the vessels to the penis, resulting in an ereetion. 

2. The endometrial eells have reeeptors for the hormones estrogen and progesterone and respond 
to them the same as they would if the eells were in the body of the uterus. Under the influence 
of estrogen, the eells proliferate at the beginning of the menstmal eyele and begin to develop 
glands and blood vessels, which then further develop under the eontrol of progesterone. This 
dramatie ehange in tissue size and eharaeteristies interferes with neighboring tissues by pressing 
on them or intermpting their functions in other ways. This interferenee causes periodie painful 
sensations. 

3. Sexually transmitted pathogens ean pass through the vagina, uterus, and uterine tubes and direetly 
into the peritoneal eavity of a woman to cause peritonitis; males have no such aeeess route. Because 
the female urethra is relatively short and opens near the vagina and anus, mierobial infeetions of the 
urethra (urethritis) and urinary bladder (eystitis) are often caused by normal mierobial inhabitants 
of the perineum that are moved upward through the urethra as an indireet consequence of sexual 
intercourse. Because the male urethra is longer, urinary traet infeetion is less likely. 


Answers to Ginieal Case Wrap-Up 

Page 737 

1. In addition to the blood vessels and the ilio-inguinal and genitofemoral nerves, testicular 
torsion also twists the ductus deferens with its layers of faseia and muscle. 

2. Yes, the eremasterie reflex would still be intaet if Liam were suffering from epididymitis. The 
genitofemoral nerve would still be working and innervating the eremaster muscle. 


28 the reproductive system 

Embryology and Human Development 


Concept Check 

Page 740 

1. Prenatal development is the period from fertilization (eoneeption) to delivery. Postnatal 
development begins at birth and continues to maturity, the state of full development or 
eompleted growth. 

Page 741 

2. The sperm is not ready for fertilization until it undergoes eapaeitation, which occurs in the 
female reproductive traet. 

3. The ooeyte is surrounded by a layer of follicular eells. The aerosome of the sperm eontains 
hyaluronidase to break down the eonneetions between adjaeent follicular eells. One or two 
sperm is not enough, however, because at least dozens of sperm must release hyaluronidase in 
order for the eonneetions to break down enough to allow fertilization. 

4. The ooeyte undergoes ooeyte aetivation, which includes a sudden rise in metabolism, a ehange 
in the plasma membrane to prevent fertilization by other sperm, and the eompletion of meiosis. 


Page 749 


5. The inner eell mass of the blastoeyst eventually develops into the embryo. 

6. The syneytiotrophoblast erodes a path through the uterine epithelium. There is some digestion 
of uterine glands, which release nutrients that are absorbed by the syneytiotrophoblast and 
distributed by diffusion to the inner eell mass. 

7. The mesodermal layer gives rise to the skeletal, muscular, endoerine, cardiovascular, lymphatie, 
urinary, and reproductive systems and the lining of body eavities; it also forms eonneetive 
tissues. 

8. The plaeenta eontains the maternal arteries and single umbilical vein, permits nutrient 
exchange at the ehorionie villi, and synthesizes hormones that are important to the mother and 
to the embryo. 

Page 755 


9. The dilation stage, in which the cervix dilates and the fetus slides down the eervieal eanal, is 
the longest stage of labor, usually taking 8 or more hours. 

10. During the plaeental stage, the empty uterus eontraets and deereases in size, which breaks 
the eonneetion between the endometrium and the plaeenta, causing the expulsion of the 
plaeenta. 



Page 755 

11. As wastes build up in the arterial blood, the kidneys excrete them. Glomemlar filtration is 
normal, but the urine eannot be eoneentrated to any signifieant degree. As a result, urinary water 
losses are high, and neonatal fluid requirements are much greater than those of adults. 

12. There is no need to worry. Fleart rates of 120-140 beats per minute and respiratory rates of 
30 breaths per minute in neonates are normal even though they are eonsiderably higher than 
those of adults. 


ehapter Review 

Level 1 Reviewing Faets and Terms 

1. f 2. g 3. j 4. b 5. h 6. d 7. i 8. e 9. a 10. e 11. (a) parietal decidua; (b) basal decidua; 

(e) amnion; (d) ehorion; (e) capsular decidua; 12. e 13. b 14. a 15. e 16. b 17. e 18. a 

19. b 20. a 

Level 2 Revievving Concepts 

1. d 

2. b 

3. b 

4. eieavage is a sequence of eell divisions that occur immediately after fertilization in the first 
trimester. 

5. The primitive streak is the eenter line of the blastodise where eells migrate and begin separating 
into germ layers. 

6. Fluman ehorionie gonadotropin is produced in the trophoblast eells shortly after implantation. 
It signals the corpus luteum to produce more progesterone. 

7. Amphimixis is the fusion of the male and female pronuclei. 

8. The yolk sae functions in the production of blood eells. 

9. Organogenesis is the proeess of organ formation. 

10. The first trimester is eritieal because events in the first 12 weeks establish the basis for organ 
formation. 

Level 3 Critical Thinking 

1. Although what Joe says is teehnieally true—it takes only one sperm to fertilize an ooeyte—the 
probability of this occurring if not enough sperm are deposited is very slim. Of the millions of 
sperm that enter the female reproductive traet, most are killed or disabled before they reaeh the 
uterus. The aeid environment, temperature, and presenee of immunoglobulins in the vaginal 
seeretions are just a few of the faetors responsible for the demise of so many sperm. Many 
sperm are not eapable of making the eomplete trip. Onee they arrive at the ooeyte, the sperm 
must penetrate the eorona radiata, and this requires the eombined enzyme contributions of 
dozens or more sperm. If the ejaculate eontains few sperm, it is likely that none will reaeh the 
ooeyte, and fertilization will be impossible. 

2. Because proeesses such as eleavage, gastmlation, and organogenesis occur during the first 3 
months of pregnaney, embryonie development ean be dismpted during the first trimester of 
pregnaney. Sinee eaeh eell of the early embryo may give rise to multiple tissues, the earlier 
embryonie development is dismpted, the more structures are affeeted. Contraction of mbella 
during the first 10 weeks of pregnaney often causes eongenital heart defeets, eye eataraets, 
deafness, and mental disabilities in the developing infant. By the end of the first trimester, the 
basis for the formation of all the major organ systems has been established, so dismptions after 
this time will more likely affeet only speeifie organs or body systems. 


Answers to Ginieal Case Wrap-Up 

Page 790 

1. Implanting the blastoeysts on the sixth day after fertilization (ovulation) simulates the 
schedule in nature. This ensures the blastoeysts are available for implantation in the uterine 
wall by days 7 through 10 after fertilization. 

2. Mayu and Ruchira are neither monozygotie nor dizygotie twins. Monozygotie twins are 
genetieally identieal and develop from a single fertilized ovum and therefore have the same 
genetie makeup (DNA). Dizygotie twins develop from two different ooeytes from the same 
biologieal mother and two different sperm from the same biologieal father. Mayu and Ruchira 
are genetie half-sisters. They have the same mother (different ooeytes) and different biologieal 
fathers. Soeially, they are fraternal twins. 


Ansvvers 
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Foreign Word Roots, Prefixes, Suffixes, and Combining Forms 


Many of the words we use in everyday English have their roots in other languages, particularly Greek and Latin. This is espeeially true for anatomieal 
terms, many of which were introduced into the anatomieal literature by Greek and Roman anatomists. This list includes some of the foreign word 
roots, prefixes, suffixes, and eombining forms that are part of many of the biologieal and anatomieal terms in this text. 


a-, a-, without: avascular 
ab-, ab, from: abduct 
-ae, -akos, pertaining to: eardiae 
ad-, ad, to, toward: adduct 
aden-, adeno-, adenos, gland: adenoid 
af-, ad, toward: afferent 
-al, -alis, pertaining to: braehial 
-algia, algos, pain: neuralgia 
ana-, ana, up, baek: anaphase 
andro-, andros, male: androgen 
angio-, angeion, vessel: angiogram 
anti-, ant-, anti, against: antibiotie 
apo-, apo, from: apoerine 
araehn-, araehne, spider: araehnoid 
arthro-, arthros, joint: arthroseopy 
-asis, -asia, state, eondition: homeostasis 
astro-, aster, star: astroeyte 
atel-, ateles, imperfeet: ateleetasis 
baro-, baros, pressure: baroreeeptor 
bi-, bi-, two: bifurcate 
blast-, -blast, blastos, precursor: blastoeyst 
braehi-, braehinm, arm: braehioeephalie 
brady-, bradys, slow: bradyeardia 
broneh-, bronchus, windpipe, airway: bronehial 
eardi-, eardio-, -eardia, kardia, heart: eardiae 
-eentesis, kentesis, puncture: thoraeoeentesis 
eerebro-, eerebrnm, brain: eerebrospinal 
ehole-, ehole, bile: eholeeystitis 
ehondro-, ehondros, eartilage: ehondroeyte 
ehrom-, ehromo-, ehroma, eolor: ehromatin 
circum-, eirenm, around: circumduction 
-elast, klastos, broken: osteoelast 
eoel-, -eoel, koila, eavity: eoelom 
eontra-, eontra, against: eontralateral 
eranio-, eraninm, skull: eraniosaeral 
eribr-, cribrum, sieve: eribriform 
-erine, krinein, to separate: endoerine 
eyst-, -eyst, kystis, sae: blastoeyst 
desmo-, desmos, band: desmosome 
di-, dis, twice: disaeeharide 
dia-, dia, through: diameter 
diure-, diomein, to urinate: diuresis 
dys-, dys-, painful: dysmenorrhea 
-eetasis, ektasis, expansion: ateleetasis 
eeto-, ektos, outside: eetoderm 
ef-, ex, away from: efferent 
emmetro-, emmetros, in proper measure: 
emmetropia 

eneephalo-, enkephalos, brain: eneephalitis 
end-, endo-, endos, inside: endometrium 
entero-, enteron, intestine: enterie 
epi-, epi, on: epimysium 

erythema-, erythema, flushed (skin): erythematosis 


erythro-, erythros, red: erythroeyte 
ex-, ex, out, away from: exocytosis 
ferr-, fermm, iron: transferrin 
-gen, -genie, gennan, to produce: mutagen 
genicula-, genieiihim, kneelike structure: geniculate 
genio-, geneion, ehin: geniohyoid 
glosso-, -glossus, glossus, tongue: hypoglossal 
glyeo-, glykys, sugar: glyeogen 
-gram, gramma, reeord: myogram 
-graph, -graphia, graphein, to write, reeord: 
eleetroeneephalograph 

gyne-, gyno-, gynaikos, woman: gyneeologist 

hem-, hemato-, haima, blood: hemopoiesis 

hemi-, hemi-, half: hemisphere 

hepato-, hepatiens, liver: hepatoeyte 

hetero-, heteros, other: heterosexual 

histo-, histos, tissue: histology 

holo-, holos, entire: holoerine 

homeo-, homo-, homos, same: homeostasis 

hyal-, hyalo-, hyalos, glass: hyaline 

hydro-, hydros, water: hydrolysis 

hyo-, hyoeides, U-shaped: hyoid 

hyper-, hyper, above: hyperpolarization 

ili-, ilio-, ilium: iliae 

infra-, infra, beneath: infra-orbital 

inter-, inter, between: interventricular 

intra-, intra, within: intracapsular 

ipsi-, ipse, itself: ipsilateral 

iso-, isos, equal: isotonie 

-itis, -itis, inflammation: dermatitis 

karyo-, karyon, body: megakaryoeyte 

kerato-, keros, horn: keratin 

kino-, -kinin, kinein, to move: bradykinin 

laet-, laeto-, -laetin, lae, milk: prolaetin 

-lemma, lemma, husk: sareolemma 

leuko-, leukos, white: leukocyte 

liga-, ligare, to bind together: ligase 

lip-, lipo-, lipos, fat: lipoid 

lyso-, -lysis, -lyze, lysis, dissolution: hydrolysis 

mal-, mal, abnormal: malabsorption 

mammilla-, mammilla, nipple: mammillary 

mast-, masto-, mastos, breast: mastoid 

mega-, megas, big: megakaryoeyte 

mero-, meros, part: meroerine 

meso-, mesos, middle: mesoderm 

meta-, meta, after, beyond: metaphase 

mono-, monos, single: monoeyte 

morpho-, morphe, form: morphology 

-mural, murus, wall: intramural 

myelo-, myelos, marrow: myeloblast 

myo-, mys, muscle: myofilament 

natri-, natrium, sodium: natriuretic 

neur-, neuro-, neuron, nerve: neuromuscular 


oculo-, oculus, eye: oculomotor 
oligo-, oligos, little, few: oligopeptide 
-ology, logos, the study of: physiology 
-oma, -oma, swelling: eareinoma 
oneo-, onkos, mass, tumor: oneology 
-opia, ops, eye: myopia 
-osis, -osis, state, eondition: neurosis 
osteon, osteo-, os, bone: osteoeyte 
oto-, otikos, ear: otoeonia g 

para-, para, a pair: paraplegia I 

patho-, -path, -pathy, pathos, disease: pathology I 
pedia-, paidos, ehild: pediatrieian I 

peri-, peri, around: perineurium I 

-phasia, phasis, speeeh: aphasia I 

-phil, -philia, philus, love: neutrophil I 

-phobe, -phobia, phobos, fear: claustrophobia I 

-phylaxis, phylax, a guard: prophylaxis | 

physio-, physis, nature: physiology 
-plasia, plasis, formation: dysplasia 
platy-, platys, flat: platysma 
-plegia, plege, a blow, paralysis: hemiplegia 
-plexy, plessein, to strike: apoplexy 
podo-, podon, foot: podoeyte 
-poiesis, poiesis, making: hemopoiesis 
poly-, polys, many: polysaeeharide 
presby-, presbys, old: presbyopia 
pro-, pro, before: prophase 
pterygo-, pteryx, wing: pterygoid 
pulp-, pulpa, pulp: pulpitis 
retro-, retro, backward: retroperitoneal 
-rrhea, rhein, flow, diseharge: diarrhea 
sareo-, sarkos, flesh: sareomere 
seler-, selero-, skleros, hard: selera 
semi-, semis, half: semitendinosus 
-septie, septikos, putrid: antiseptie 
-sis, state, eondition: metastasis 
som-, -some, soma, body: somatie 
spino-, spina, spine, vertebral column: 
spinodeltoid 

-stomy, stoma, mouth, opening: eolostomy 
stylo-, stylus, stake, pole: stylohyoid 
sub-, sub, below: subcutaneous 
syn-, syn, together: synthesis 
taehy-, taehys, swift: taehyeardia 
telo-, telos, end: telophase 

therm-, thermo-, therme, heat: thermoregulation 
-tomy, temnein, to cut: appendeetomy 
trans-, trans, through: transudate 
-trophie, -trophin, -trophy, trophikos, 
nourishing: hypertrophy 
tropho-, trophe, nutrition: trophoblast 
tropo-, tropikos, turning: troponin 
uro-, -uria, ouron, urine: glycosuria 
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Eponyms in tommon Use 



Table A.1 


Eponyms 


Eponym 

Equivalent Terms 

lndividual Refereneed 

The Cellular Level of Organization (Chapter 2) 

Golgi apparatus 

Dietyosome 

Camillo Golgi (1844-1926), Italian histologist; shared Nobel Prize in 1906 

Krebs eyele 

Tricarboxylic or eitrie aeid eyele 

Hans Adolph Krebs (1900-1981), British bioehemist; shared Nobel Prize in 1953 

The Skeletal System (ehapters 5-8) 

Colles fracture 


Abraham Colles (1773-1843), Irish surgeon 

Haversian eanals 

Central eanals, Osteonie eanal 

eiopton Havers (1650-1702), English anatomist and mieroseopist 

Haversian systems 

Osteons 

eiopton Havers (1650-1702), English anatomist and mieroseopist 

Pott's fracture 

Bimalleolar fracture 

Pereivall Pott (1714-1788), English surgeon 

Sharpey's fibers 

Perforating fibers 

William Sharpey (1802-1880), Seottish histologist and physiologist 

Volkmann's eanals 

Perforating eanals 

Alfred Wilhelm Volkmann (1800-1877), German surgeon 

Wormian bones 

Sutural bones 

Olas Worm (1588-1654), Danish anatomist 

The Muscular System (ehapters 9-11) 

Aehilles tendon 

Calcaneal tendon 

Aehilles, hero of Greek mythology 

Cori eyele 

Laetie aeid eyele 

Carl Ferdinand Cori (1896-1984) and GertyTheresa Cori (1896-1957), Ameriean 
bioehemists; shared Nobel Prize in 1947 

The Nervous System (ehapters 13-17) 

Broea's eenter 

Speeeh eenter 

Pierre Paul Broea (1824-1880), Freneh surgeon 

Foramina of Luschka 

Lateral foramina 

Hubert von Luschka (1820-1875), German anatomist 

Foramen of Magendie 

Median foramen 

Frangois Magendie (1783-1855), Freneh physiologist 

Foramen of Munro 

lnterventricular foramen 

John Cummings Munro (1858-1910), Ameriean surgeon 

Nissl bodies 

ehromatophilie substance 

Franz Nissl (1860-1919), German neurologist 

Purkinje eells 

Ganglionie layer of eerebellar cortex 

Johannes E. Purkinje (1787-1869), Czechoslovakian physiologist 

Nodes of Ranvier 

Myelin sheath gap 

Louis Antoine Ranvier (1835-1922), Freneh physiologist 

Island of Reil 

lnsula 

Johann ehristian Reil (1759-1813), German anatomist 

Fissure of Rolando 

Central sulcus 

Luigi Rolando (1773-1831), Italian anatomist 

Sehvvann eells 

Neurolemma eells 

Theodor Sehvvann (1810-1882), German anatomist 

Aqueduct of Sylvius 

Aqueduct of midbrain 

Jacobus Sylvius (Jacques Dubois, 1478-1555), Freneh anatomist 

Sylvian fissure 

Lateral sulcus 

Franciscus Sylvius (Franz de la Boé, 1614-1672), Dutch anatomist 

Pons Varolii 

Pons 

Costanzo Varolio (1543-1575), Italian anatomist 

Sensory Function (ehapter 18) 

Organ of Corti 

Spiral organ 

Alfonso Corti (1822-1888), Italian anatomist 

Eustachian tube 

Auditory tube 

Bartolomeo Eustachio (1520-1574), Italian anatomist 

Golgi tendon organs 

Tendon organs 

See Golgi apparatus under The Cellular Level (ehapter 2) 

Hertz (Hz) 


Heinrieh Hertz (1857-1894), German physieist 

Meibomian glands 

Tarsal glands 

Heinrieh Meibom (1638-1700), German anatomist 

Meissner's corpuscles 

Taetile corpuscles 

Georg Meissner (1829-1905), German physiologist 

Merkel's dises 

Taetile dises 

Friedrieh Siegismund Merkel (1845-1919), German anatomist 

Paeinian corpuscles 

Lamellated corpuscles 

Filippo Paeini (1812-1883), Italian anatomist 

Ruffini corpuscles 


Angelo Ruffini (1864-1929), Italian anatomist 

Canal of Sehlemm 

Seleral venous sinus 

Friedrieh S. Sehlemm (1795-1858), German anatomist 

Zeis glands 


Edvvard Zeis (1807-1868), German ophthalmologist 

The Endoerine System (ehapter 19) 

Islets of Langerhans 

Panereatie islets 

Paul Langerhans (1847-1888), German pathologist 

Interstitial eells of Leydig 

Interstitial eells 

Franz von Leydig (1821-1908), German anatomist 
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Table A.1 


Eponyms (continued) 


Eponym 

Equivalent Terms 

lndividual Refereneed 

The Cardiovascular System (ehapters 20-22) 

Bundle of His 

Atrioventricular bundle 

Wilhelm His (1863-1934), German physieian 

Purkinje eells 

See Linder The Nervous System 
(Chapters 13-17) 


Starling's law 

Law of the heart 

Ernest Henry Starling (1866-1927), English physiologist 

Circle of Willis 

Cerebral arterial eirele 

Thomas Willis (1621-1675), English physieian 

The Lymphatie System (ehapter 23) 

HassalTs corpuscles 

Thymie corpuscles 

Arthur Hill Hassall (1817-1894), English physieian 

Kupffer eells 

Stellate reticuloendothelial eells 

Karl Wilhelm Kupffer (1829-1902), German anatomist 

Langerhans eells 

Dendritie eells 

See Islets of Langerhans under The Endoerine System (ehapter 19) 

Peyer's patehes 

Aggregated lymphoid nodules 

Johann Conrad Peyer (1653-1712), Swiss anatomist 

The Respiratory System (ehapter 24) 

Adam's apple 

Laryngeal prominenee of thyroid 
eartilage 

Biblieal referenee 

Bohr effeet 


Cristian Bohr (1855-1911), Danish physiologist 

Boyle's law 


Robert Boyle (1621-1691), English physieist 

eharles' law 


Jacques Alexandre César eharles (1746-1823), Freneh physieist 

Dalton's law 


John Dalton (1766-1844), English physieist 

Henry's Law 


William Henry (1775-1837), English ehemist 

The Digestive System (ehapter 25) 

Plexus of Auerbach 

Myenterie plexus 

Leopold Auerbach (1827-1897), German anatomist 

Brunner's glands 

Duodenal submucosal glands 

Johann Conrad Brunner (1653-1727), Swiss anatomist 

Crypts of Lieberkuhn 

Intestinal erypts (Intestinal glands) 

Johann Nathaniel Lieberkuhn (1711-1756), German anatomist 

Plexus of Meissner 

Submucosal plexus 

See Meissner's Corpuscles under Sensory Function (ehapter 18) 

Sphineter of Oddi 

Hepatopanereatie sphineter 

Ruggero Oddi (1864-1913), Italian physieian 

Peyer's patehes 

Aggregated lymphoid nodules 

See under The Lymphatie System (ehapter 23) 

Duct of Santorini 

Aeeessory panereatie duct 

Giovanni Domenieo Santorini (1681-1737), Italian anatomist 

Stensen's duct 

Parotid duct 

Niels Stensen (1638-1686), Danish physieian/priest 

Ampulla of Vater 

Duodenal ampulla 

Abraham Vater (1684-1751), German anatomist 

Wharton's duct 

Submandibular duct 

Thomas Wharton (1614-1673), English physieian 

Foramen of Winslow 

Epiploie foramen 

Jaeob Benignus Winslow (1669-1760), Freneh anatomist 

Duct of Wirsung 

Panereatie duct 

Johann Georg Wirsung (1600-1643), German physieian 

The Llrinary System (ehapter 26) 

Bowman's capsule 

Glomemlar capsule 

Sir William Bowman (1816-1892), English physieian 

Loop of Henle 

Nephron loop 

Friedrieh Gustav Jakob Henle (1809-1885), German histologist 

Littré glands 

LJrethral glands of male 

Alexis Littre (1658-1726), Freneh surgeon 

The Reproductive System (ehapters 27-28) 

Bartholin's glands 

Greater vestibular glands 

Casper Bartholin, Jr. (1655-1738), Danish anatomist 

Cowper's glands 

Bulbo-urethral glands 

William Cowper (1666-1709), English surgeon 

Fallopian tube 

Llterine tube/oviduct 

Gabriele Falloppio (1523-1562), Italian anatomist 

Graafian folliele 

Tertiary folliele 

Reijnier de Graaf (1641-1673), Dutch physieian 

Sertoli eells 

Nurse eells (Sustentacular eells) 

Enrieo Sertoli (1842-1910), Italian histologist 
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A 

A bands: The dark-staining striations in the myofi- 
brils of muscle fibers that make up the regions of 
overlapping thiek and thin filaments. 
abdominal eavity: The spaee bounded by the ab- 
dominal walls, diaphragm, and pelvis. 
abdominopelvie eavity: The term used to refer to 
the general region bounded by the abdominal wall 
and the pelvis; it eontains the peritoneal eavity 
and viseeral organs. 

abducens nerves (N VI): Cranial nerves, which 
innervate the lateral rectus muscle of the eye. 
abduction: Movement away from the midline. 
absorption: The aetive or passive uptake of gases, 
fluids, or solutes. 

acetabulum: Fossa on lateral aspeet of pelvis that 
aeeommodates the head of the femur. 
aeetyleholine (ACh): Chemical neurotransmitter in 
the brain and peripheral nervous system (PNS); 
dominant neurotransmitter in the PNS, released 
at neuromuscular junctions and synapses of the 
parasympathetie division. 

aeetyleholinesterase (AChE): Enzyme found in the 
synaptie eleft, bound to the postsynaptie mem- 
brane, and in tissue fluids; breaks down and inae- 
tivates aeetyleholine (ACh) molecules; also ealled 
eholinesterase. 

aeinar: One of the minute grape-shaped seeretory 
portions of an aeinar gland. 
acquired immunodeficiency syndrome (AIDS): A 

disease caused by the human immunodeficiency 
vims (HIV); eharaeterized by the destmetion of 
helper T eells and a resulting severe impairment of 
the immune response. 

aeromion: Continuation of the scapular spine that 
projeets superior to the capsule of the shoulder 
joint. 

aerosome: A membranous sae at the tip of a sper- 
matozoon that eontains hyaluronidase; also ealled 
aerosomal eap. 

aetin: Protein eomponent of mierofilaments; forms 
thin filaments in skeletal muscles and produces 
eontraetions of all muscles through interaetion 
with thiek (myosin) filaments; see sliding fila- 
ment theory. 

aetion potential: A propagated ehange in the mem- 
brane potential of excitable eells, initiated by a 
ehange in the membrane permeability to sodium 
ions: see nerve impulse. 

aetive transport: The ATP-dependent absorption or 
excretion of solutes aeross a plasma membrane. 
adaptation: A deerease in reeeptor sensitivity or 
pereeption after ehronie stimulation; a ehange 
in pupillary size in response to ehanges in light 
intensity; physiologieal responses that produce 
aeelimatization. 

adduction: Movement toward the axis or midline of 
the body as viewed in the anatomieal position. 
adenohypophysis: The anterior lobe of the pituitary 
gland, also ealled the anterior pitiiitary. 

adipoeytes: Fat eells. 


adipose tissue: Loose eonneetive tissue dominated by 
adipoeytes. 

adrenal cortex: The superficial region of the adrenal 
gland that produces steroid hormones; also ealled 
the suprarenal cortex. 

adrenal gland: A small endoerine gland that 
seeretes steroids and eateeholamines and is lo- 
eated superior to eaeh kidney; also ealled 
suprarenal gland. 

adrenal medulla: A modified sympathetie ganglion 
that seeretes eateeholamines into the blood during 
sympathetie aetivation; the eore of the adrenal 
gland; also ealled suprarenal mediilla. 
adrenoeortieotropie hormone (ACTH): Hormone 
that stimulates the production and seeretion of 
glucocorticoids by the zona fasciculata of the ad- 
renal cortex; released by the anterior pituitary in 
response to CRF. 

adventitia: Superficial layer of eonneetive tissue sur- 
rounding an internal organ; fibers are continuous 
with those of surrounding tissues, providing sup- 
port and stabilization. 

aerobie metabolism: The eomplete breakdown 
of organie substrates into earbon dioxide and 
water, by pymvate; a proeess that yields large 
amounts of ATP but requires mitoehondria and 
oxygen. 

afferent arterioles: An arteriole bringing blood to 
the glomerulus of the kidney. 
afferent fibers: Axons that earry sensory informa- 
tion to the eentral nervous system. 
agglutination: Aggregation of red blood eells due to 
interaetions between srnfaee antigens and plasma 
agglutinins. 

aggregated lymphoid nodules: Lymphoid nodules 
beneath the epithelium of the small intestine. Also 
ealled Peyer’s Patehes. 

agonist: A rmisele responsible for a speeifie move- 
ment; also ealled a prime mover. 
albinism: Absenee of pigment in hair and skin 
caused by inability of body to produce melanin. 
albvmiins: The smallest of the plasma proteins; func- 
tion as transport proteins and important in eon- 
tributing to plasma oneotie pressure. 
aldosterone: A mineraloeortieoid produced by 
the zona glomemlosa of the adrenal cortex; 
stimulates the kidneys to eonserve sodium and 
water; seereted in response to the presenee of 
angiotensin II. 

allantois: One of the extra-embryonic membranes; it 
provides vascularity to the ehorion and is therefore 
essential to plaeenta formation; the proximal por- 
tion beeomes the urinary bladder. 
alpha (a) eells: Cells in the panereatie islets that 
seerete glucagon. 

alpha (a) reeeptors: Membrane reeeptors sensitive 
to norepinephrine or epinephrine; stimulation 
usually results in excitation of the target eell. 
alveolar saes: Air-filled ehambers at the terminal 
ends of the alveolar ducts that give rise to the 
alveoli in the lung. 



alveolus/alveoli: Terminal poekets at the end of the 
respiratory tree, lined by a simple squamous epi- 
thelium and surrounded by a eapillary network; 
sites of gas exchange with the blood; a bony soeket 
that holds the root of a tooth. 
amaerine eells: Modified neurons in the retina that 
faeilitate or inhibit communication between bipo- 
lar and ganglion eells. 

amnion: One of the extra-embryonic membranes; 

surrounds the developing embryo/fetus. 
amphiarthrosis: Articulation joint that permits a 
small degree of independent movement. 
amphimixis: The fusion of male and female pronu- 
elei following fertilization. 

ampulla: A loealized dilation in the lumen of a eanal 
or passageway. 

anabolism: The synthesis of complex organie eom- 
pounds from simpler precursors. 
anal eanal: The distal portion of the rectum that 
eontains the anal columns and ends at the anus. 
anal triangle: The posterior subdivision of the perineum. 
anaphase: Mitotie stage in which the paired ehroma- 
tids separate and move toward opposite ends of the 
spindle apparatus. 

anastomosis/anastomoses: The joining of two tubes, 
usually referring to a eonneetion between two pe- 
ripheral vessels without an intervening eapillary bed. 
anatomieal position: An anatomieal referenee po- 
sition, the body viewed from the anterior surface 
with the palms faeing forward. 
anatomieal pulleys: Bones or bony structures which 
ehange the applied forees of skeletal muscles. 
anatomy: The study of internal and external body 
structures and their physieal relationship among 
other body parts. 

androgens: Steroid sex hormones mainly produced 
by the interstitial endoerine eells of the testis and 
manufactured in small quantities by the adrenal 
cortex in both sexes. 

anemia: The eondition marked by a deerease in the 
hematoerit, the hemoglobin eontent of the blood, 
or both. 

aneurysm: A weakening in the arterial wall causing 
an outpouching or enlargement of an artery. 
angina: Chest pain. 

angiotensin I: The hormone produced by the ae- 
tivation of angiotensinogen by renin; angioten- 
sin-eonverting enzyme (ACE) eonverts angioten- 
sin I into angiotensin II in lung eapillaries. 
angiotensin II: A hormone that causes an inerease 
in systemie blood pressure, stimulates the seeretion 
of aldosterone, promotes thirst, and causes the 
release of antidmretie hormone; angiotensin-eon- 
verting enzyme (ACE) in lung eapillaries eonverts 
angiotensin I into angiotensin II. 
angiotensin-eonverting enzyme (ACE): Enzyme 
neeessary for the eonversion of angiotensin I to 
angiotensin II. 

angiotensinogen: Blood protein produced by the 
liver that is eonverted to angiotensin I by the en- 
zyme renin. 
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antagonist: A muscle that opposes the movement of 
an agonist. 

anteflexion: Normal position of the uterus, with the 
superior surface bent forward. 
anterior: On or near the front, or ventral, surface of 
the body. 

antibodies: Globular proteins produced by plasma 
eells that will bind to speeifie antigens and pro- 
mote their destmetion or removal from the body. 
antidiuretic hormone (ADH): Hormone synthe- 
sized in the hypothalamus and seereted at the 
posterior pituitary; causes water retention at the 
kidneys and an inerease in blood pressure. 
antrum: A ehamber or poeket. 
anus: External opening of the anal eanal. 
aorta: The large, elastie artery that earries blood 
away from the left ventriele and into the systemie 
circuit. 

aortie sinus: Spaee between the superior portion of 
eaeh of the three aortie valve cusps and the dilated 
portion of the wall of the aseending aorta. 
apex: A pointed tip, usually referring to a triangular 
objeet and positioned opposite a broad base. 
aphasia: Inability to speak. 
apoerine seeretion: Mode of seeretion where the 
glandular eell sheds portions of its eytoplasm. 
aponeurosis/aponeuroses: Broad tendinous 
sheet(s) that may serve as the origin(s) or 
insertion(s) of a skeletal muscle. 
appendicular skeleton: Bones of the upper limbs 
and lower limbs including the shoulder and pelvie 
girdles. 

appendix: A elosed sae eonneeted to the cecum 
of the large intestine; also ealled vermiform 
appendix. 

appositional growth: Enlargement by the addition 
of eartilage or bony matrix to the outer surface. 
aqueous humor: Fluid similar to perilymph or eere- 
brospinal fluid that fills the anterior ehamber of 
the eye. 

araehnoid mater: The middle meninx (layer) that 
eneloses eerebrospinal fluid and proteets the een- 
tral nervous system. 

araehnoid granulations: Proeesses of the araehnoid 
mater that projeet into the superior sagittal sinus; 
sites where eerebrospinal fluid enters the venous 
circulation. 

araehnoid mater: The middle meninx (layer) that 
eneloses eerebrospinal fluid and proteets the een- 
tral nervous system. 

areola: Pigmented area that surrounds the nipple of 
a breast. 

areolar tissne: Loose eonneetive tissue with an open 
framework. 

arreetor pili muscle: Smooth muscle whose eon- 
traetions foree hairs to stand ereet. 
arteries: Blood vessels that earry blood away from the 
heart and toward peripheral eapillaries. 
arterioles: Small arterial branehes that deliver blood 
to a eapillary network. 
arterioselerosis: Hardening of the arteries. 
arteriovenous anastomoses: A natural communi- 
eation, direet or indireet, between an artery and a 
vein. 

arthritis: Inflammation of a joint. 
articular capsule: Dense eollagen fiber sleeve that 
surrounds a joint and provides proteetion and 
stabilization. 


articulations: The plaees of union between two or 
more skeletal eomponents; also ealled joints. 
arytenoid eartilages: A pair of small eartilages in 
the larynx. 

aseending traets: Traets earrying information from 
the spinal eord to the brain. 
aseites: Overproduction and accumulation of perito- 
neal fluid. 

assoeiation area: Cortical area of the eerebmm that 
is responsible for the integration of sensory inputs 
and/or motor eommands. 
asthma: Reversible eonstrietion of smooth muscles 
around respiratory passageways, frequently caused 
by an allergie response. 

astroeytes: One of the four types of neuroglia in the 
eentral nervous system; responsible for maintain- 
ing the blood brain barrier by the stimulation of 
endothelial eells. 

ataxia: Inability to eoordinate muscular movement. 
atheroselerosis: Formation of fatty plaques in the 
walls of arteries, leading to circulatory impairment. 
atlas: The first eervieal vertebra; it articulates with 
the oeeipital bone. 

atria: Thin-walled ehambers of the heart that reeeive 
venous blood from the pulmonary or systemie 
circuits. 

atrioventricularnode (AV node): Speeialized ear- 
dioeytes that relay the eontraetile stimulus to the 
bundle of His, the bundle branehes, the Pmkinje 
fibers, and the ventricular myocardium; loeated 
at the boundary between the atria and ventrieles. 
atrophy: The wasting away of tissues from a laek of 
use, isehemia, or nutritional abnormalities. 
auditory ossieles: The bones of the middle ear: mal- 
leus, incus, and stapes. 

auditory tube: A passageway that eonneets the naso- 
pharynx with the middle ear eavity; also ealled the 
Eustachian tube or pharyngotympanie tube. 
auricle: A broad, flattened proeess that resembles the 
external ear; in the ear, the expanded, projeeting 
portion that surrounds the external auditory me- 
atus; also ealled pinna; in the heart, the externally 
visible flap formed by the eollapse of the outer 
wall of a relaxed atrium. 

autologous transfusion: Blood that has been re- 
moved, stored, and then infused baek into the 
same individual. 

autolysis: Destmetion of a eell due to the rupture of 
lysosomal membranes in its eytoplasm. 
antonomie ganglion: A eolleetion of viseeral motor 
nemons outside the eentral nervous system. 
autonomic nervous system (ANS): Centers, nuclei, 
traets, ganglia, and nerves involved in the uncon- 
scious regulation of viseeral functions; inehides 
eomponents of the eentral nervous system and 
peripheral nervous system. 
autoregulation: ehanges in aetivity that maintain 
homeostasis in direet response to ehanges in the 
loeal environment; does not require nernal or en- 
doerine eontrol. 

avascular: Without blood vessels. 
axial skeleton: Bones of the head, tmnk, vertebral 
column, and thorax. 
axis: The seeond eervieal vertebra. 
axolemma: The plasma membrane of an axon, eon- 
tinuous with the plasma membrane of the eell 
body and dendrites and distinet from any glial eell 
eoverings. 


axon: Elongate extension of a nernon that conducts 
an aetion potential away from the eell body and 
toward the synaptie terminals. 
axoplasm: Cytoplasm within an axon. 
axoplasmic transport: Transport by way of axo- 
plasm flow toward the eell body (retrograde) or 
toward the axon terminal (anterograde). 

B 

B eells: Lymphoeytes eapable of differentiating into 
plasma eells, which produce antibodies. 
baroreeeptors: Reeeptors that have the ability to de- 
teet ehanges in pressure. 

basal nuclei: Nuclei of the eerebmm that are in- 
volved in the regulation of somatie motor aetivity 
at the subconcious level. 

basement membrane: A layer of filaments and fi- 
bers that attaeh an epithelium to the underlying 
eonneetive tissue. 
benign: Not malignant. 

beta (l 3) reeeptors: Membrane reeeptors sensitive to 
epinephrine; stimulation may result in excitation 
or inhibition of the target eell. 
beta eells: Cells of the panereatie islets that seerete 
insulin in response to inereased blood sugar 
eoneentrations. 

bile: Exocrine seeretion of the liver that is stored in 
the gallbladder and ejeeted into the duodenum. 
bipennate nrnsele: A muscle whose fibers are ar- 
ranged on either side of a eommon tendon. 
blastoeoele: Fluid-filled eavity within a blastoeyst. 
blastoeyst: Early stage in the developing embryo, 
eonsisting of an outer trophoblast and an inner eell 
mass. 

blastodise: Later stage in the development of the 
inner eell mass; it includes the eells that will form 
the embryo. 

blood brain barrier (BBB): Isolation of the eentral 
nervous system, from the general circulation; pri- 
marily the result of astroeyte regulation of eapil- 
lary permeabilities. 

blood testis barrier: Isolation of the seminiferous 
tubules from the general circulation, due to the 
aetivities of the nurse ( Sertoli ) eells. 
bolus: A eompaet mass; usually refers to eompaeted 
ingested material (food) on its way to the stomaeh. 
bone: A strong eonneetive tissue eontaining speeial- 
ized eells and a mineralized matrix of erystalline 
calcium phosphate and calcium earbonate; also 
ealled bone tissue and osseous tissue. 
braehial plexus: Network formed by branehes of spi- 
nal nerves e^-T^ en route to innervate the upper 
limb. 

brachium: The arm. 

bradyeardia: An abnormally slow heart rate. 
brainstem: The brain minus the eerebmm and eere- 
bellum; midbrain, pons, and medulla oblongata. 
bronehoeonstrietion: The reduction in size of the 
bronehial passages. 

bronehodilation: The dilation of the bronehial pas- 
sages; ean be caused by sympathetie stimulation. 
bulbo-urethral glands: Mucous glands at the base 
of the penis that seerete into the penile urethra; 
the equivalent of the greater vestibular glands of 
females; also ealled Cowper's glands. 
bursae: Small saes filled with synovial fluid that 
cushion adjaeent structures and reduce frietion. 
bursitis: Painful inflammation of bursa(e). 
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C 

ealeaneal tendon: The large tendon that inserts on 
the calcaneus; tension on this tendon produces 
extension (plantar flexion) of the foot; also ealled 
Aehilles tendon. 

calcaneus: The heelbone, the largest of the tarsal bones. 
ealeifieation: The deposition of calcium salts within 
a tissue. 

ealeítonin (CT): The hormone seereted by C eells of 
the thyroid when calcium ion eoneentrations are 
abnormally high; restores homeostasis by inereas- 
ing the rate of bone deposition and the rate of 
calcium loss by the kidneys. 
ealliis: A loealized thiekening of the epidermis due to 
ehronie physieal stresses; a thiekened area that forms 
at the site of a bone break as part of the repair proeess. 
ealvaria: The skullcap, formed of the frontal, pari- 
etal, and oeeipital bones. 

canaliculi: Mieroseopie passageways between eells; 
bile canaliculi earry bile to bile ducts in the liver; 
in bone, canaliculi permit the diffusion of nutri- 
ents and wastes to and from osteoeytes. 
eaneer: A malignant tumor that tends to undergo 
metastasis. 

eapaeitation: Aetivation proeess that must occur 
before a sperm ean successfully fertilize an ooeyte; 
occurs in the vagina following ejaculation. 
eapillaries: Small blood vessels, loeated between ar- 
terioles and venules, whose thin walls permit the 
diffusion of gases, nutrients, and wastes between 
the plasma and interstitial fluids. 
capitulum: General term for a small, elevated ar- 
ticular proeess; used to refer to the rounded distal 
surface of the humerus that articulates with the 
radial head. 

eardia: The region of the stomaeh surrounding its 
eonneetion with the esophagus. 
eardiae eyele: One eomplete heartbeat, including 
atrial and ventricular systole and diastole. 
eardiae muscle: Involuntary, striated muscle making 
up the myocardium of the heart. 
cardiovascular eenters: Poorly loealized eenters 
in the reticular formation of the medulla of the 
brain; includes eardioaeeeleratory, eardioinhibi- 
tory, and vasomotor eenters. 
cardiovascular system: Body system pertaining to 
the heart, blood, and blood vessels. 
earotene: A yellow-orange pigment found in earrots 
and in green and orange leafy vegetables; a eom- 
pound that the body ean eonvert to vitamin A. 
earotid sinus: A dilated segment of the internal 
earotid artery whose walls eontain baroreeeptors 
sensitive to ehanges in blood pressure. 
eartilage: A eonneetive tissue with a gelatinous ma- 
trix and an abundance of fibers. 
eatabolism: The breakdown of complex organie mol- 
ecules into simpler eomponents, aeeompanied by 
the release of energy. 

eateeholamines: Epinephrine, norepinephrine, 
dopamine, and related compounds. 
cauda equina: Bundle of spinal nerve roots arising 
from the lumbosacral enlargement and medullary 
eone of the adult spinal eord; they extend caudally 
inside the vertebral eanal en route to lumbar and 
saeral segments. 

eandate nucleus: One of the basal nuclei involved 
with the subconscious eontrol of skeletal muscular 
aetivity. 


eell body: The body of a neuron; also ealled soma. 
eells: The smallest living structural units in the 
human body. 

eentral eanal: Longitudinal eanal in the eenter of an 
osteon that eontains blood vessels and nerves, also 
ealled the Haversian eanal; a passageway along the 
longitudinal axis of the spinal eord that eontains 
eerebrospinal fluid. 

eentral nervous system (CNS): The brain and 
spinal eord. 

eentral sulcus: Groove in the surface of a eerebral 
hemisphere, between the primary sensory and pri- 
mary motor areas of the cortex. 
eentriole: A eylindrieal intracellular organelle eom- 
posed of nine groups of microtubules, three in 
eaeh group; functions in mitosis or meiosis by 
forming the basis of the spindle apparatus. 
eentrosome: Region of eytoplasm eontaining a 
pair of eentrioles oriented at right angles to one 
another. 

cerebellum: Posterior portion of the meteneephalon, 
eontaining the eerebellar hemispheres; includes 
the arbor vitae, eerebellar nuclei, and eerebellar 
cortex. 

eerebral hemispheres: Expanded portions of the 
eerebmm eovered in neural cortex. 
eerebrospinal fluid (CSF): Fluid bathing the inter- 
nal and external surfaces of the eentral nervous 
system; seereted by the ehoroid plexus. 
cerebrovascular aeeident (CVA): The occlusion of 
a blood vessel that supplies a portion of the brain, 
resulting in damage to the dependent neurons; 
also ealled stroke. 

cerebrum: The largest portion of the brain, eomposed 
of the eerebral hemispheres; includes the eerebral 
cortex, the basal nuclei, and the internal capsule. 
cerumen: Waxy seeretion of ceruminous glands 
along the external acoustic meatus. 
ceruminous glands: Integumentary glands that se- 
erete eemmen. 

eervieal enlargement: Relative enlargement of the 
eervieal portion of the spinal eord due to the 
abundance of eentral nervous system neurons in- 
volved with motor eontrol of the arms. 
eervieal plexus: Network of nerves arising from the 
anterior rami of the first four eervieal spinal nerves. 
cervix: The inferior part of the uterus. 
eesarean seetion: Surgical delivery of an infant via 
an ineision through the lower abdominal wall and 
uterus. 

ehemoreeeptors: Reeeptors that have the ability to 
deteet ehanges in the eoneentrations of dissolved 
compounds or gases, mainly C0 2 and 0 2 . 
chemotaxis: The attraetion of phagoeytie eells to the 
source of abnormal ehemieals in tissue fluids. 
ehief eells: Gastrie eells near the base of gastrie 
glands that seerete pepsinogen. 
eholeeystokinin: Duodenal hormone that stimulates 
the eontraetion of the gallbladder and the seere- 
tion of enzymes by the exocrine panereas; also 
ealled panereozymin. 
ehondroeytes: Cartilage eells. 
ehondroitin sulfates: The predominant proteogly- 
eans in eartilage, responsible for the gelatinous 
eonsisteney of the matrix. 

ehordae tendineae: Fibrous eords that stabilize the 
position of the AV valves in the heart, preventing 
backflow during ventricular systole (eontraetion). 
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ehorion: An extra-embryonic membrane, eonsisting 
of the trophoblast and underlying mesoderm, that 
forms the plaeenta. 

ehoroid plexus: The vascular complex in the roof 
of the third and fourth ventrieles of the brain, re- 
sponsible for the production of eerebrospinal fluid. 
ehoroid: Middle, vascular layer in the wall of the eye. 
ehromatin: Histologieal term referring to the grainy 
material visible in eell nuclei during interphase; 
the appearanee of the DNA eontent of the nucleus 
when the ehromosomes are uncoiled. 
ehromosome: Dense structures, eomposed of tightly 
eoiled DNA strands and assoeiated histones, that 
beeome visible in the nucleus when a eell prepares 
to undergo mitosis or meiosis; normal human so- 
matie eells eontain 46 ehromosomes apieee. 
ehyme: A semifluid mixture of ingested food and di- 
gestive seeretions that is found in the stomaeh as 
digestion proeeeds. 

eiliary body: A thiekened region of the ehoroid that 
eneireles the lens of the eye; it includes the eiliary 
muscle and the eiliary proeesses that support the 
eiliary zonule of the lens. 

eiliary zonule: Series of fibers eonneeting the eiliary 
body with the lens of the eye. 
eilhirn/eilia: Slender organelle/organelles that ex- 
tends above the free surface of an epithelial eell. 
Multiple motile eilia generally undergo eyeles of 
movement and are eomposed of a basal body and 
microtubules in a 9 + 2 array; a nonmotile, solitary 
primary cilium aets as an environmental sensor, 
and has microtubules arranged in a 9 + 0 array. 
circumduction: A movement at a synovial joint in 
which the distal end of the bone moves in a circu- 
lar direetion, but the shaft does not rotate. 
elaviele: The eollarbone. 

elitoris: A small ereetile organ of the female that is 
the developmental equivalent of the male penis. 
eoeeygeal ligament: Fibrous extension of the dura 
mater and filum terminale; provides longitudinal 
stabilization to the spinal eord. 
coccyx: Terminal portion of the vertebral column, 
eonsisting of relatively tiny, fused vertebrae. 
eoehlea: Spiral portion of the bony labyrinth of the 
internal ear that surrounds the organ of hearing. 
eoehlear duct: The eentral membranous tube within 
the eoehlea that is filled with endolymph and eon- 
tains the spiral organ ( organ ofGorti ); also ealled 
seala media. 

eollagen fibers: Strong, insoluble protein fibers eom- 
mon in eonneetive tissues. 
eollateral ganglia: Sympathetie ganglia loeated an- 
terior to the spinal column and separate from the 
sympathetie ehain. 

eolon: The large intestine from the cecum to the rectum. 
eompaet bone: Dense bone eontaining parallel osteons. 
compound: A moleaile eontaining two or more ele- 
ments in eombination. 

eonenssion: A violent hit to the head with resulting 
loss of consciousness. 

eondyle: A rounded articular projeetion on the sur- 
faee of a bone. 

eones: Photoreeeptosr responsible for sharp vision 
and eolor vision. 

conjunctiva: A layer of stratified squamous epithe- 
lium that eovers the inner surfaces of the eyelids 
and the anterior surface of the eye to the edges of 
the eornea. 
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conus medullaris: Conical tip of the spinal eord 
that gives rise to the filum terminale. 
eonvergenee: In the nervous system, the innervation 
of a single neuron by the axons from several neu- 
rons; this is most eommon along motor pathways. 
eoraeoid proeess: A hook-shaped proeess of the 
scapula that projeets above the anterior surface of 
the capsule of the shoulder joint. 
eornea: Transparent portion of the fibrous layer of 
the anterior surface of the eye. 
eorneoseleral junction: Margin of the eornea that 
is overlapped by the selera. 
corniculate eartilages: A pair of small laryngeal 
eartilages. 

eorona radiata: A layer of folliele eells surrounding 
an ooeyte at ovulation. 

eorpora quadrigemina: The superior and inferior 
colliculi of the meseneephalie tectum (roof) in 
the brain. 

corpus albieans: The sear tissue that remains after 
degeneration of the corpus luteum at the end of a 
uterine eyele. 

corpus callosum: Bundle of axons linking eenters in 
the left and right eerebral hemispheres. 
corpus luteum: The progesterone-seereting mass of fol- 
liele eells that develops in the ovary after ovulation. 
corpus spongiosum: Mass of ereetile tissue that 
surrounds the urethra in the penis and expands 
distally to form the glans. 
cortex: Outer layer or region of an organ or bone. 
corticobulbar traets: Deseending traets that earry 
information/eommands from the eerebral cortex 
to nuclei and eenters in the brainstem. 
eortieospinal traets: Deseending traets that earry 
motor eommands from the eerebral cortex to the 
anterior gray horns of the spinal eord. 
eortieosteroids: Steroid hormones produced by the 
adrenal (suprarenal) cortex. 
eortieosterone: A eortieosteroid seereted by the zona 
faseiailata of the adrenal (suprarenal) cortex; a 
glucocorticoid. 

eortisol: One of the eortieosteroids seereted by 
the zona fasciculata of the adrenal cortex; a 
glucocorticoid. 

cranium: The brainease; the skull bones that sur- 
round the brain. 

eribriform plate: Portion of the ethmoid of the 
skull that eontains the foramina used by the axons 
of olfaetory reeeptors en route to the olfaetory 
bulbs of the eerebmm. 

erieoid eartilage: Ring-shaped eartilage that forms 
the inferior margin of the larynx. 
erieoid eartilages: Ring-shaped eartilages that form 
the inferior margin of the larynx. 
erista/eristae: Ridge-shaped eolleetion(s) of hair eells 
in the ampulla of a semieirailar duct; the erista 
and cupula form a reeeptor complex sensitive to 
movement along the plane of the semicircular 
eanal. 

eross-bridges: The binding of myosin heads that projeet 
from the surface of thiek filaments at the aetive sites 
of thin filaments in the presenee of ealeimn ions. 
eross-seetional anatomy: Referring to planar see- 
tions of an anatomie structure. 
cuneiform eartilages: A pair of small eartilages in 
the larynx. 

cutaneous membrane: The epidermis and papillary 
layer of the dermis. 


cuticle: Layer of dead, keratinized eells surrounding 
the shaft of a hair; for nails, see eponychium. 
eyanosis: Abnormal bluish eoloration of the skin due 
to the presenee of deoxygenated blood in vessels 
near the body surface. 

eystie duct: A duct that earries bile between the gall- 
bladder and the eommon bile duct. 
eystitis: Inflammation of the urinary bladder. 
eytology: The study of eells. 

eytoplasm: The material between the plasma mem- 
brane and the nuclear membrane. 
eytoskeleton: A network of microtubules and miero- 
filaments in the eytoplasm. 
eytosol: The fluid portion of the eytoplasm. 
cytotoxic T eells: Lymphoeytes involved in 

eell-mediated immunity that kill target eells by 
direet eontaet or by the seeretion of lymphotoxins; 
also ealled killer T eells and T c eells. 
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decussate: To eross over to the opposite side, usually 
referring to the erossover of the deseending traets 
of the eortieospinal pathway on the ventral sur- 
faee of the medulla oblongata. 
defeeation: The elimination of feeal wastes. 
deglutition: Swallowing. 
dendrites: Sensory proeesses of a neuron. 
dendritie spines: Distinet outgrowths of nerve eell 
dendrites that are the sites of synaptie axodendritic 
eontaet; they are absent in motor neurons and 
numerous in pyramidal eells of the eerebral cortex 
and Purkinje eells of the eerebellar cortex. 
dentienlate ligaments: Supporting fibers that ex- 
tend laterally from the surface of the spinal eord, 
tying the pia mater to the dura mater and provid- 
ing lateral support for the spinal eord. 
depression: Inferior (downward) movement of a 
body part. 

dermal ridges: Surface ridges on the palms of the 
hands and the soles of the feet where the sweat 
pores open. 

dermatome: A sensory region monitored by the pos- 
terior rami of a single spinal segment. 
dermis: The eonneetive tissue layer beneath the epi- 
dermis of the skin. 

detrusor: Collectively, the three layers of smooth 
muscle in the wall of the urinary bladder. 
development: Growth and the acquisition of in- 
ereasing structural and functional complexity; in- 
cludes the period from eoneeption to maturity. 
diabetes insipidus: Disorder of the pituitary gland 
eharaeterized by polyuria (excessive urination) 
and polydipsia (excessive thirst) that results from 
inadequate production of antidiuretic hormone 
(ADH). 

diabetes mellitus: Disorder eharaeterized by polyuria 
(excessive mination) and glyeosmia (glucose in 
the urine), most eommonly due to the inadequate 
production or diminished sensitivity to insulin 
with a resulting inerease of blood glucose levels. 
diapedesis: Movement of white blood eells through 
the walls of blood vessels by migration between 
adjaeent endothelial eells. 
diaphragm: Any muscular partition; often used to 
refer to the respiratory muscle that separates the 
thoraeie eavity from the abdominopelvie eavity. 
diaphragma sellae: The fold of dura mater extending 
aeross the sella trneiea and hypophyseal fossa. 


diaphragmatie breathing: Inhalation or exhalation 
using only the diaphragm. 
diaphysis: The shaft of a long bone. 
diarthrosis: A synovial joint. 

dieneephalon: A division of the brain that includes 
the epithalamus, thalaimis, and hypothalamus. 
differential count: An estimate of the number of 
eaeh type of white blood eell on the basis of a ran- 
dom sampling of 100 white blood eells. 
differentiation: The gradual appearanee of 
eharaeteristie cellular speeializations drning 
development as the result of gene aetivation or 
repression. 

diffusion: Passive molecular movement from an area 
of relatively high eoneentration to an area of rela- 
tively low eoneentration. 

digestion: The ehemieal breakdown of ingested food 
into simple molecules that ean be absorbed by the 
eells of the digestive traet. 

digestive traet: An internal passageway that begins 
at the mouth and ends at the anus. 
disease: A disorder of structure or function within a 
body system or organ. 

distal convoluted tubule (DCT): Segment of the 
nephron elosest to the eolleeting tubule and duct; 
an important site of aetive seeretion. 
divergenee: In nervous tissue, the spread of excitation 
from one neuron to many neurons; an organiza- 
tional pattern eommon along sensory pathways of 
the eentral nervous system. 
dorsiflexion: Upward movement of the foot through 
flexion at the ankle. 

ductus arteriosus: Vascular eonneetion between 
the pulmonary tmnk and the aorta that functions 
throughout fetal life; normally eloses at birth or 
shortly thereafter, and persists as the ligamentum 
arteriosum. 

ductus deferens: A passageway that earries sperm 
from the epididymis to the ejaculatory duct; also 
ealled the vas deferens. 

duodenal ampulla: ehamber that reeeives bile from 
the eommon bile duct and panereatie seeretions 
from the panereatie duct. 

duodenal papilla: Conical projeetion from the inner 
surface of the duodenum that eontains the open- 
ing of the duodenal ampulla. 
duodenum: The proximal 25 em (9.8 in.) of the 
small intestine that eontains short villi and sub- 
mucosal glands. 

dura mater: The outermost membrane (meninx) of 
the eranial and spinal meninges. 
dyslexia: Impaired ability to eomprehend written 
words. 

dysmenorrhea: Painful menstruation. 
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eeerine sweat glands: Sweat glands of the skin that 
produce a watery seeretion. 
eetoderm: One of the three primary germ layers; 
eovers the surface of the embryo and gives rise to 
the nervous system, the epidermis and assoeiated 
glands, and a variety of other structures. 
effeetor: A peripheral gland or muscle eell innervated 
by a motor neuron. 

efferent arteriole: An arteriole earrying blood away 
from the glomerulus of the kidney. 
efferent fiber: An axon that earries impulses away 
from the eentral nervous system. 
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ejaculation: The ejeetion of semen from the penis as 
the result of muscular eontraetions of the bulbo- 
spongiosus and ischiocavernosus muscles. 
ejaculatory duct: Short duct that passes within the 
walls of the prostate and eonneet the ductus defer- 
ens with the prostatie urethra. 
elastin: Connective tissue fibers that streteh and re- 
bound, providing elastieity to eonneetive tissues. 
elevation: Movement in a superior, or upward, 
direetion. 

embryo: The developmental stage beginning at fertil- 
ization and ending at the start of the third devel- 
opmental month. 

embryogenesis: The proeess of embryo formation. 
embryology: The study of embryonie development, 
focusing on the first two months after fertilization. 
enamel: Crystalline material similar in mineral 
eomposition to bone, but harder and without 
osteoeytes, that eovers the exposed surfaces 
of the teeth. 

endocardium: The simple squamous epithelium that 
lines the heart and is continuous with the endo- 
thelium of the great vessels. 
endoehondral ossifieation: The eonversion of a ear- 
tilaginous model to bone; the eharaeteristie mode 
of formation for skeletal elements other than the 
bones of the cranium, the elavieles, and sesamoid 
bones. 

endoerine glands: Gland that seeretes hormones 
into the blood. 

endoerine system: The endoerine (ductless) glands 
and organs of the body. 

endoeytosis: The movement of relatively large vol- 
umes of extracellular material into the eytoplasm 
via the formation of a membranous vesiele at the 
eell surface; includes pinoeytosis and phagoeytosis. 
endoderm: One of the three primary germ layers; 
the layer on the undersurface of the embryonie 
dise that gives rise to the epithelia and glands of 
the digestive system, the respiratory system, and 
portions of the urinary system. 
endolymph: Fluid eontents of the membranous laby- 
rinth (the saccule, utricle, semicircular ducts, and 
eoehlear duct) of the internal ear. 
endometrium: The mucous membrane lining the 
uterus. 

endomysium: A delieate network of eonneetive 
tissue fibers that surrounds individual muscle 
eells. 

endoneurium: A delieate network of eonneetive 
tissue fibers that surrounds individual nerve 
fibers. 

endoplasmie reticulum: A network of membranous 
ehannels in the eytoplasm of a eell that functions 
in intracellular transport, synthesis, storage, paek- 
aging, and seeretion. 

endosteum: An ineomplete eelhilar lining found on 
the inner (medullary) surfaces of bones. 
endothelium: The simple squamous epithelium that 
lines blood and lymphatie vessels. 
enterie nervous system (ENS): One of the three 
main divisions of the nervous system; it is an 
extensive nerve network in the walls of the diges- 
tive traet that initiates and eoordinates digestive 
motility and seeretions. 

enteroendoerine eells: Endoerine eells seattered 
among the epithelial eells lining the digestive 
traet. 


eosinophils: A gramiloeyte (WBC) with a lobed 
nucleus and red-staining granules; partieipates in 
the immune response and is espeeially important 
during allergie reaetions. 

ependyma: Layer of eells lining the ventrieles and 
eentral eanal of the eentral nervous system. 
epiblast: The layer of the inner eell mass faeing the 
amniotie eavity prior to gastmlation. 
epicardium: Serous membrane eovering the outer 
surface of the heart; also ealled the viseeral 
pericardium. 

epidermis: The epithelium eovering the surface of 
the skin. 

epididymis: Coiled duct that eonneets the rete testis 
to the ductus deferens; site of functional matura- 
tion of sperm. 

epidural spaee: Spaee between the spinal dura mater 
and the walls of the vertebral foramen; eontains 
blood vessels and adipose tissue; a frequent site of 
injeetion for regional anesthesia. 
epiglottis: Blade-shaped flap of tissue, reinforeed 
by eartilage, that is attaehed to the posterior 
and superior surface of the thyroid eartilage; 
it folds over the entranee to the larynx during 
swallowing. 

epimysium: A dense layer of eollagen fibers that sur- 
rounds a skeletal muscle, and is continuous with 
the tendons/aponeuroses of the muscle and with 
the perimysium. 

epineurium: A dense investment of eollagen fibers 
that surrounds a peripheral nerve. 
epiphyses: The heads of long bones. 
episiotomy: Surgical ineision of the vulva to prevent 
laeeration during delivery. 
epithalaimis: Small, posterior, medial area of the 
thalamus. 

epithelium/epithelia: One of the four primary tissue 
types; a layer of eells that forms a superficial eover- 
ing or an internal lining of a body eavity or vessel. 
eponychium: A narrow zone of stratum corneum 
that extends aeross the surface of a nail at its ex- 
posed base; also ealled the cuticle. 
ereetion: Stiffening of the penis prior to copu- 
lation due to the engorgement of the ereetile 
tissues of the eorpora eavernosa and the corpus 
spongiosum. 

erythroeytes: Red blood eells (RBCs); have no nu- 
cleus and eontain large quantities of hemoglobin. 
erythropoiesis: Red blood eell formation. 
erythropoietin (EPO): A hormone released by most 
tissues, and espeeially by the kidneys, when oxy- 
gen levels deerease; stimulates erythropoiesis (red 
blood eell formation) in red bone marrow. 
esophagitis: Inflammation of the esophagus. 
esophagus: A muscular tube that eonneets the phar- 
ynx to the stomaeh. 

estradiol: The primary estrogen seereted by ovarian 
follieles. 

estrogens: A elass of steroid sex hormones that in- 
cludes estradiol. 
eversion: A turning outward. 
exchange transfusion: Removal of most of a pa- 
tient’s blood followed by replaeement of an equal 
amount of blood from donors. 
excretion: The removal of wastes from the blood, 
tissues, or organs. 

exocrine glands: Glands that seerete onto the body sur- 
faee or into a passageway eonneeted to the exterior. 
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exocytosis: The ejeetion of eytoplasmie materi- 
als by fusion of a membranous vesiele with the 
plasmamembrane. 

extension: An inerease in the angle between two 
articulating bones; the opposite of flexion. 
extensor retinaculum: A thiekening of the faseia 
of the forearm at the wrist or the leg at the ankle, 
forming a band of dense eonneetive tissue that 
holds extensor muscle tendons in plaee. 
external acoustic meatus: Passageway in the tem- 
poral bone that leads to the tympanie membrane 
of the middle ear. 

external ear: The auricle, external acoustic meatus, 
and tympanie membrane. 

exteroceptors: Sensory reeeptors in the skin, mucous 
membranes, and speeial sense organs that provide 
information about the external environment and 
our position within it. 

extracellular fluid: All body fluid other than that 
eontained within eells; includes plasma and inter- 
stitial fluid. 

extra-embryonic membranes: The yolk sae, am- 
nion, ehorion, and allantois. 
eyelids: Movable folds that eover the front of the eye- 
balls; also ealled palpebrae. 

F 

faeilitated diffusion: Passive movement of a sub- 
stanee aeross a plasma membrane via a protein 
earrier. 

faleiform ligament: A sheet of mesentery that eon- 
tains the ligamentum teres, the fibrous remains of 
the umbilical vein of the fetus. 
falx eerebelli: Curving sheet of dura mater that 
projeets forward from the internal oeeipital erest 
inferior to the tentorium. 

falx eerebri: Curving sheet of dura mater that ex- 
tends between the two eerebral hemispheres; 
eneloses the superior sagittal sinus. 
faseía: Connective tissue fibers, primarily eollage- 
nous, that form sheets or bands beneath the skin 
to attaeh, stabilize, enelose, and separate muscles 
and other internal organs. 

faseienhis: A small bundle; usually refers to a eollee- 
tion of nerve axons or muscle fibers. 
fauces: The passage from the mouth to the pharynx, 
bounded by the palatal arehes, the soft palate, and 
the uvula. 

feees: Waste products eliminated by the digestive 
traet at the anus; eontain indigestible residue, bae- 
teria, mucus, and epithelial eells. 
femur: The long bone of the thigh. 
fertilization: Fusion of a seeondary ooeyte and 
sperm to form a zygote. 

fibrinogen: A plasma protein that is the soluble pre- 
cursor of the insoluble protein fibrin. 
fibroblasts: Cells of eonneetive tissue proper that 
are responsible for the production of extracellular 
fibers and the seeretion of the organie compounds 
of the extracellular matrix. 
fibroeytes: Cells of eonneetive tissue proper that are 
responsible for the maintenanee of the extracellu- 
lar fibers and ground substance of the extracellular 
matrix. 

fibrous eartilage: Cartilage eontaining an abun- 
danee of eollagen fibers; found around the edges 
of joints, in the intervertebral dises, the menisei of 
the knee, ete. Also termed fibroeartilage. 
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fibroiis layer: The outermost layer of the eye, eomposed 
of the selera and eornea; also ealled fibroiis timie. 
fibula: The lateral, relatively small bone of the lower 

leg. 

filiform papillae: Slender eonieal projeetions from 
the dorsal surface of the anterior two-thirds of the 
tongue. 

filum terminale: A fibrous extension of the spinal 
eord that extends from the conus medullaris to the 
eoeeygeal ligament. 

fimbriae: A fringes; used to deseribe the fingerlike 
proeesses that surround the entranee to the uter- 
ine tube. 

flagellum/flagella: An organelle that is structurally 
similar to a motile cilium but is used to propel a 
eell through a fluid; found on sperm. 
flexion: A movement at a joint that reduces the 
angle between two articulating bones; the opposite 
of extension. 

follieles: Small seeretory saes or glands. 
follicle-stimulating hormone (FSH): A hormone 
seereted by the anterior lobe of the pituitary; stim- 
ulates oogenesis (female) and spermatogenesis 
(male). 

folliculitis: Inflammation of a folliele, such as a hair 
folliele of the skin. 

fontanelles: Relatively soft, flexible, fibrous regions 
between two flat bones in the developing skull; 
also spelled fontanels. 

fornix: An areh or the spaee bounded by an areh; in 
the brain, an arehing traet that eonneets the hip- 
pocampus with the mammillary bodies; in the eye, 
a slender poeket loeated where the epithelium of 
the ocular conjunctiva folds baek on itself as the 
palpebral conjunctiva; in the vagina, the shallow 
reeess surrounding the protmsion of the cervix. 
fourth ventriele: An elongated ventriele of the me- 
teneephalon (pons and cerebellum) and the myel- 
eneephalon (medulla oblongata) of the brain; the 
roof eontains a region of ehoroid plexus. 
fovea eentralis: Portion of the retina providing the 
sharpest vision, with the highest eoneentration of 
eones; also ealled the fovea. 
fracture: A break or eraek in a bone. 
frontal (eoronal) plane: A vertieal plane that di- 
vides the body into anterior and posterior portions. 
fundus: The base of an organ such as the stomaeh, 
uterus, or gallbladder. 

furuncle: A boil, resulting from the invasion and in- 
flammation of a hair folliele or sebaceous gland. 

o 

gallbladder: The pear-shaped reservoir for bile after it 
is seereted by the liver. 

gametes: Reproductive eells (sperm or ooeytes) that 
eontain half the normal ehromosome eomplement. 
ganglion/ganglia: Collection of neuron eell bodies 
in the peripheral nervous system. 
gap junction: Connection between eells that permits 
eleetrieal coupling. 

gastrie glands: Tubular glands of the stomaeh whose 
eells produce aeid, enzymes, intrinsie faetor, and 
hormones. 

gastrin: Hormone produced by enteroendoerine eells 
of the stomaeh, when exposed to meehanieal stim- 
uli or vagal stimulation, and the duodenum, when 
exposed to ehyme eontaining undigested proteins. 
gastritis: Inflammation of the stomaeh. 


gastrulation: The movement of eells of the inner eell 
mass that ereates the three primary germ layers of 
the embryo. 

germinal eenter: Pale region in the interior of 
lymphoid tissues or lymphoid nodules, where 
eell divisions occur that produce additional 
lymphoeytes. 

gestation: The period of intra-uterine development. 
gingivae: The gums. 

glenohumeral joint: Ball-and-soeket join between 
the head of the humerus and the glenoid eavity if 
the scapula; also ealled the shoulder joint. 
glenoid eavity: A rounded depression that forms the 
articular surface of the scapula at the shoulder 
joint. 

globulins: Globular plasma proteins with a variety of 
important functions. 

glomerular eapsnle: The expanded initial portion of 
the nephron that surrounds the glomerulus; also 
ealled Bowmarís capsule. 

glossopharyngeal nerves (N IX): Cranial nerves 
that provide sensations to the pharynx and pos- 
terior third of the tongue; they also earry motor 
fibers to the stylopharyngeus muscle. 
glottis: Structure within the larynx that eonsists of 
the voeal folds and the rima glottidis. 
glucagon: Hormone seereted by the alpha eells of 
the panereatie islets; inereases blood glucose 
eoneentrations. 

glucocorticoids (GCs): Hormones seereted by the 
zona fasciculata of the adrenal (suprarenal) cortex 
to modify glucose metabolism; eortisol and eorti- 
eosterone are important examples. 
glyeolysis: The anaerobie eytosolie breakdown of 
glucose into two 3-earbon molecules of P 5 n:uvate, 
with a net gain of 2 ATP moleailes. 
goblet eells: Goblet-shaped, mucus-producing, unicel- 
lular glands in eertain epithelia of the digestive and 
respiratory traets; they are ealled goblet eells in the 
mucosa of the small intestine, large intestine, ter- 
minal bronehioles, and conjunctiva; they are ealled 
mucous eells when they are found in the stomaeh 
mucosa, respiratory mucosa, and salivary glands. 
Golgi apparatus: Cellular organelle eonsisting of a 
series of membranous plates that give rise to lyso- 
somes and seeretory vesieles. 
gomphosis: A fibrous synarthrosis that binds a tooth 
to the bone of the jaw; see periodontal ligament. 
gonadotropin-releasing hormone (GnRH): A 
hypothalamie releasing hormone that causes the 
seeretion of both folliele-stiimilating hormone and 
luteinizing hormone by the anterior lobe of the 
pituitary gland (adenohypophysis). 
gonadotropins: Hormones that stimulate the gonads 
(testes or ovaries). 

gonads: Reproductive organs that produce gametes 
and sex hormones 

graeile fasciculus: The smaller, medial subdivision 
of the posterior funiculus. 
graeile nucleus: The medial of the three nuclei of 
the dorsal column. 

granular leukocytes: White blood eells eontaining 
granules that are visible with the light mieroseope; 
includes eosinophils, basophils, and neutrophils; 
also ealled graniiloeytes. 

gray matter: Areas in the eentral nervous system 
dominated by nerve eell bodies, glial eells, and 
unmyelinated axons. 


gray ramus communicans: A bundle of postgangli- 
onie sympathetie nerve fibers distributed to effee- 
tors in the body wall, skin, and limbs by way of a 
spinal nerve. 

greater omentum: A large fold of the dorsal 
mesentery of the stomaeh that hangs in front 
of the intestines. 

greater vestibular glands: Mucous glands in the vag- 
inal walls that seerete into the vestibule; the equiva- 
lent of the bulbo-urethral glands of the male. 
gross anatomy: The study of the structural fea- 
tures of the human body without the aid of a 
mieroseope. 

gustation: The sense of taste. 
gyri: Prominent folds or ridges of neural cortex on 
the smfaees of the eerebral hemispheres. 

H 

H band: The paler area in the eenter of the A band in 
striated muscle. 

hair eells: Sensory eells of the internal ear. 
hair follieles: Aeeessory structures of the integu- 
ment; tubes lined by a stratified squamous epithe- 
lium that begin at the surface of the skin and end 
at the hair papilla. 

hair root: A thiekened, eonieal structure eonsisting 
of a eonneetive tissue papilla and the overlying 
matrix; a layer of epithelial eells that produces the 
hair shaft. 

hair: A keratinous strand produced by epithelial eells 
of the hair folliele. 

hallux: The great toe. I 

haploid: Possessing half the normal number of ehro- 
mosomes; a eharaeteristie of gametes. 
hard palate: The bony roof of the oral eavity, formed 
by the maxillae and palatine bones. I 

hanstra: Saelike pouches along the length of the 
large intestine that result from tension in the 
teniae eoli. 

Heimlieh maneuver: A technique for removing an 
airway bloekage by external eompression of the ab- 
domen and forceful elevation of the diaphragm. 
helper T eells: Lymphoeytes whose seeretions and 
other aetivities eoordinate eell-mediated and anti- 
body-mediated immunities; also ealled T H eells. 
hematoerit: The pereentage of formed elements in 
a sample of blood; also ealled voliime ofpaeked red 
eells (VPRC) or paeked eeìl voliime (PCV). 
hematopoietie stem eells: Stem eells whose divi- 
sions produce eaeh of the various populations of 
blood eells; also ealled hemoeytoblasts. 
heme: A porphyrin ring eontaining a eentral iron 
atom that ean reversibly bind oxygen molecules; a 
eomponent of the hemoglobin molecule. 
hemoglobin (Hb): Protein eomposed of four globular 
subunits, eaeh bound to a single molecule of heme; 
the protein found in red blood eells that gives them 
the ability to transport oxygen in the blood. 
hemolyze: To break down red blood eells. 
hemophilia: A eongenital eondition resulting from 
the inadequate synthesis of one of the elotting 
faetors. 

hemopoiesis: Blood eell formation and differentiation. 
hemostasis: The stoppage of bleeding. 
hemothorax: The entry of blood into one of the 
pleural eavities. 

heparin: An anticoagulant released by aetivated baso- 
phils and mast eells. 
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hepatie portal vein: The vessel that earries blood 
from the intestinal eapillaries to the sinusoids of 
the liver. 

hepatoeytes: Liver eells. 

herniated dise: Rupture of the eonneetive tissue sheath 
of the nucleus pulposus of an intervertebral dise. 
hilum: A loealized region where blood vessels, lym- 
phatie vessels, nerves, and/or other anatomieal 
structures are attaehed to an organ. 
hippocampus: A portion of the limbie system that 
is eoneerned with the organization and storage of 
memories. 

hístamìne: Chemical released by stimulated mast 
eells or basophils to initiate or enhanee an inflam- 
matory response. 
histology: The study of tissues. 
histones: Proteins assoeiated with the DNA of the nu- 
cleus, and around which the DNA strands are wound. 
holoerine seeretion: Form of exocrine seeretion 
where the seeretory eell beeomes swollen with ves- 
ieles and then ruptures. 

homeostasis: The maintenanee of a relatively eon- 
stant internal environment. 
hormones: Chemicals that are seereted by one eell 
and travel through the bloodstream to affeet the 
aetivities of eells in another part of the body. 
human immunodeficiency virus (HIV): The in- 
fectious agent that causes acquired immunodefi- 
eieney syndrome (AIDS). 

human plaeental laetogen (HPL): Plaeental hor- 
mone that stimulates the functional development 
of the mammary glands. 

hyaline eartilage: The most eommon type of earti- 
lage; the matrix eontains eollagen fibers. Examples 
include the eonneetions between the ribs and ster- 
num, the traeheal and bronehial eartilages, and 
synovial eartilages. 

hyaluronan: A earbohydrate eomponent of proteo- 
glyeans in the matrix of many eonneetive tissues; 
also ealled hyaliironie aeid. 

hyaluronidase: An enzyme that breaks down hyal- 
uronic aeid; produced by some baeteria and found 
in the aerosomeof sperm. 

hydrocephalus: Condition resulting from excessive 
production or inadequate drainage of eerebrospi- 
nal fluid. 

hymen: A membrane that forms during development 
and eoversthe entranee to the vagina. 
hyperextension: Extension of a body part past the 
anatomieal position. 

hypertrophy: inerease in the size of tissue without 
eell division. 

hypervolemie: An abnormally high blood volume. 
hypoblast: The undersurface of the inner eell mass 
that faees the blastoeoele of the early embryo. 
hyponychium: A thiekening in the epidermis be- 
neath the free edge of a nail. 
hypophyseal portal system: Network of vessels that 
earry blood from eapillaries in the hypothalamus 
to eapillaries in the anterior lobe of the pituitary 
gland (adenohypophysis). 
hypophysis: See pituitary gland. 
hypothalamus: The floor of the dieneephalon; re- 
gion of the brain eontaining eenters involved with 
the unconscious regulation of viseeral functions, 
emotions, drives, and the eoordination of neural 
and endoerine functions. 
hypovolemie: An abnormally low blood volume. 


I 

I bands: The light bands in eaeh side of Z lines in 
striated muscle. 

ileoeeeal valve: A fold of mucous membrane that 
guards the eonneetion between the ileum and the 
cecum. 

ileum: The distal segment of the small intestine. 
ilium: The largest of the three bones whose fusion 
ereates a coxal bone. 

immunoglobulins: Circulating antibodies. 
implantation: The erosion of a blastoeyst into the 
uterine wall. 

ineisors: Two pairs of flattened, bladelike teeth lo- 
eated at the front of the dental arehes in both the 
upper and lower jaws. 

inehisions: Aggregations of insoluble pigments, nu- 
trients, or other materials in the eytoplasm. 
inens: The eentral auditory ossiele, situated between 
the malleus and the stapes in the middle ear eavity. 
infaret: An area of dead eells that results from an in- 
termption of blood flow. 

inferior vena eava: The vein that earries blood from 
the parts of the body inferior to the heart to the 
right atrium. 

inferior: A direetional referenee meaning below, in 
referenee to a particular structure, with the body 
in the anatomieal position. 
infundibulum: A tapering, funnel-shaped structure; 
in the nervous system, refers to the eonneetion 
between the pituitary gland and the hypothala- 
mus; the infundibulum of the uterine tube is the 
entranee bounded by fimbriae that reeeives the 
ooeyte at ovulation. 

inguinal eanals: Passages through the abdominal 
wall that mark the path of testicular deseent and 
that eontain the testicular arteries, veins, and duc- 
tus deferens. 

inhibin: A hormone, produced by nurse eells of the 
testes and follicular eells of the ovaries, that inhib- 
its the seeretion of follicle-stimulating hormone by 
the anterior lobe of the pituitary gland. 
initial segment: The proximal portion of the axon, 
adjaeent to the axon hilloek, where an aetion po- 
tential first appears. 

inner eell mass: Cells of the blastoeyst that will 
form the body of the embryo. 
innervation: The distribution of sensory and motor 
nerves to a speeifie region or organ. 
insertion: A point of attaehment of a muscle; the 
end that is easily movable. 
insula: A region of the temporal lobe that is visible 
only after opening the lateral sulcus. 
insulin: Hormone seereted by the beta eells of the 
panereatie islets; causes a deerease in blood 
glucose eoneentrations. 

interealated dises: Regions where adjaeent eardio- 
eytes interloek and where gap junctions permit 
eleetrieal coupling between the eells. 
internal capsule: The eolleetion of afferent and effer- 
ent fibers of the white matter of the eerebral hemi- 
spheres, visible on gross disseetion of the brain. 
internal ear: The membranous labyrinth that eon- 
tains the organs of hearing and equilibrium; also 
ealled inner ear. 

Interneurons: Groups of nernons between sensory and 
motor nernons that eontrol a eoordinated aetivity. 
internodes: Seetions of myelinated nerve fibers be- 
tween two successive nodes. 


interoeeptors: Sensory reeeptors monitoring the 
functions and status of internal organs and systems. 
interosseous membrane: Fibrous eonneetive tissue 
membrane between the shafts of the tibia and 
fibula or the radius and ulna; an example of a 
fibrous amphiarthrosis. 

interphase: Stage in the life of a eell during which 
the ehromosomes are uncoiled and all normal eel- 
lular functions except mitosis are under way. 
interstitial growth: Form of eartilage growth 
through the growth, mitosis, and seeretion of 
ehondroeytes inside the matrix. 
interventricular foramen: The opening that per- 
mits fluid movement between the lateral and third 
ventrieles. 

intervertebral dises: Fibrous eartilage pads between 
the bodies of successive vertebrae that aet as shoek 
absorbers. 

intervertebral foramina: Openings that permit 
fluid movement between the lateral and third ven- 
trieles of the brain. 

intramembranous ossifieation: The formation of 
bone within a eonneetive tissue without the prior 
development of a cartilaginous model. 
intraperitoneal: Covered on all sides by the viseeral 
peritoneum. 

inversion: A turning inward. 

iris: A eontraetile structure made up of smooth mus- 
ele that forms the eolored portion of the eye. 
ischium: One of the three bones whose fusion ere- 
ates a coxal bone. 

isthmus: A narrow band of tissue eonneeting two 
larger masses. 

j 

jejunum: The middle part of the small intestine. 
joints: Areas where adjaeent bones interaet; also 
ealled artieiilations. 

juxtaglomerular eells: Modified smooth muscle eells 
in the walls of the afferent and efferent arterioles 
adjaeent to the glomerulus and the macula densa. 
juxtaglomerular complex: The macula densa and 
the juxtaglomerular eells; a complex responsible 
for the release of renin and erythropoietin. 
juxtamedullary nephrons: The 15 pereent of neph- 
rons whose nephron loops, or loops of Henle, extend 
into the medulla; these nephrons are responsible for 
ereating the osmotie gradient within the medulla. 

K 

keratin: Tough, fibrous protein eomponent of nails, 
hair, calluses, and the general integumentary surface. 
keratinization: The production of keratin by epithe- 
lial eells. 

keratinized: Containing large quantities of keratin. 
keratohyalin: A protein within maturing 
keratinoeytes. 

kidneys: Components of the urinary system; organs 
that function in the regulation of blood eomposition, 
including the excretion of wastes and the mainte- 
nanee of normal fluid and eleetrolyte balanees. 
kyphosis: Exaggerated thoraeie curvature. 

L 

laerimal gland: Tear gland on the posterior, lateral 
surface of the eye. 

laetation: The production of milk by the mammary 
glands. 
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laeteal: A terminal lymphatie within an intestinal 
villus. 

lactiferous duct: Duct draining one lobe of the 
mammary gland. 

lactiferous sinus: An expanded portion of a laetifer- 
ous duct adjaeent to the nipple of a breast. 
lacuna/lacunae: A small pit or eavity. 
lambdoíd suture: Synarthrotie articulation between 
the parietal and oeeipital bones of the cranium. 
lamellae: Concentric layers of bone within an 
osteon. 

lamellar corpuscles: Reeeptors sensitive to vibration. 
lamina propria: The reticular tissue that underlies 
a mucous epithelium and forms part of a mucous 
membrane. 

laminae: Thin sheets or layers. 

Langerhans eells: Cells in the epithelium of the skin 
and digestive traet that partieipate in the immune 
response by presenting antigens to T eells; also 
ealled dendritie eells. 

large intestine: The terminal portions of the intesti- 
nal traet, eonsisting of the eolon, the rectum, and 
the anal eanal. 

laryngopharynx: Division of the pharynx inferior to 
the epiglottis and superior to the esophagus. 
larynx: A complex cartilaginous structure that sur- 
rounds and proteets the glottis and voeal eords; 
the superior margin is bound to the hyoid bone 
and the inferior margin is bound to the traehea. 
lateral apertures: Openings in the roof of the 
fourth ventriele that permit the circulation of ee- 
rebrospinal fluid into the subarachnoid spaee. 
lens: The transparent refraetive structure of the eye 
that is between the iris and the vitreous humor. 
lesser omentum: A small poeket in the mesentery 
that eonneets the lesser curvature of the stomaeh 
to the liver. 

leukocytes: White blood eells. 
lenkopoiesis: White blood eell formation. 
ligaments: Dense bands of eonneetive tissue fibers 
that attaeh one bone to another. 
ligamentum arteriosum: The fibrous strand found 
in the adult that is the remnant of the ductus ar- 
teriosus of the fetus. 

ligamentum nuchae: An elastie ligament that ex- 
tends between the vertebra prominens and the 
external oeeipital erest. 

limbie system: The nuclei and eenters in the eere- 
bmm and dieneephalon that are involved with 
emotional states, memories, and behavioral 
drives. 

linea alba: Tendinous band that mns along the mid- 
line of the rectus abdominis. 
lipoproteins: Compounds eontaining relatively 
small lipids bound to a protein. 
liver: An organ of the digestive system with varied 
and vital functions that include the production of 
plasma proteins, the excretion of bile, the storage 
of energy reserves, the detoxification of poisons, 
and the intereonversion of nutrients. 
lobules: Small lobes or subdivisions of a lobe. 
loose eonneetive tissue: A loosely organized, easily 
distorted eonneetive tissue eontaining several dif- 
ferent fiber types, a varied population of eells, and 
a viscous ground substance. 
lordosis: An exaggeration of the lumbar curvature. 
lumbricals: Four intrinsie plantar muscles. 
luxation: Disloeation of a joint. 


lymph node: Lymphoid organ that monitors the 
eomposition of lymph. 

lymph: Fluid eontents of lymphatie vessels, similar in 
eomposition to interstitial fluid. 
lymphatie vessels: The vessels of the lymphatie sys- 
tem; also ealled lymphaties. 

lymphoeytes: Cells of the lymphatie system that play 
a role in the immune response. 
lymphoeytopoiesis: The formation of lymphoeytes. 
lymphopoiesis: The production of lymphoeytes from 
lymphoid stem eells. 

lysosomes: intraeelhilar vesieles eontaining digestive 
enzymes. 

lysozyme: An enzyme present in some exocrine se- 
eretions that has antibiotie properties. 

M 

M line: The line in the eenter of the A band in stri- 
ated muscle. 

maenla (of retina): The oval area in the retina 
whose eenter (the fovea eentralis) is the region of 
sharpest vision; also ealled macula \utea. 
maenla densa: A group of speeialized seeretory eells 
that is loeated in a portion of the distal convoluted 
tubule, adjaeent to the glomerulus and the juxta- 
glomemlar eells; a eomponent of the juxtaglomer- 
ular complex. 

maenla: A reeeptor complex, loeated in the saccule or 
utricle of the internal ear, that responds to linear 
aeeeleration or gravity. 

mallens: An auditory ossiele, bound to the tympanie 
membrane and the incus. 
mammary glands: Milk-producing glands of the 
female breast. 

mammillary bodies: Nuclei in the hypothalamus 
that affeet eating reflexes and behaviors; a eompo- 
nent of the limbie system. 

manubrium: The broad, roughly triangular, superior 
element of the stermim. 

mast eells: Connective tissue eells that, when stim- 
ulated, release histamine, serotonin, and heparin, 
initiating the inflammatory response. 

mastieation: Chewing. 

matrix: The ground substance of a eonneetive tissue. 
maxillary sinuses: Paranasal sinuses; air-filled 
ehambers lined by a respiratory epithelium that 
are loeated in a maxilla and open into the nasal 
eavity. 

meehanoreeeptors: Reeeptors that ean deteet 
meehanieal stimuli, such as touch, pressure, or 
vibration. 

medial: Toward the midline of the body. 
mediastinum: A septum between two parts of an organ 
or a eavity such as the eentral tissue mass that divides 
the thoraeie eavity into two pleural eavities; includes 
the aorta and other great vessels, the esophagus, 
traehea, thymus, the perieardial eavity and heart, and 
a host of nerves, small vessels, and lymphaties. 
mednlla oblongata: The most caudal of the brain 
regions, also known as the myeleneephalon. 
medvilla: Inner layer or eore of an organ. 
megakaryoeytes: Red bone marrow eells responsible 
for the formation of platelets. 
meiosis: Cell division that produces gametes 
with half of the normal somatie ehromosome 
eomplement. 

melanin: Yellow-brown pigment produced by the 
melanoeytes of the skin. 


melanoeytes: Speeialized eells in the deeper layers 
of the stratified squamous epithelium of the skin; 
responsible for the production of melanin. 
melanocyte-stimulating hormone (MSH): A 
hormone, produced by the pars intermedia of the 
anterior lobe of the pituitary gland (adenohypoph- 
ysis), that stimulates melanin production. 
melanosomes: Pigment granule produced by 
melanoeytes. 

melatonin: Hormone seereted by the pineal gland; 

inhibits seeretion of MSH and GnRH. 
membrane flow: The movement of seetions of 
membrane srnfaee to and from the eell srnfaee 
and eomponents of the endoplasmie reticulum, 
the Golgi apparatus, and vesieles. 
membrane potential: The potential differenee, 
measmed aeross a plasma membrane and ex- 
pressed in millivolts, that results from the uneven 
distribution of positive and negative ions aeross 
the plasma membrane; also ealled transmembrane 
potential. 

membrane: Any sheet or partition; a layer eonsisting 
of an epithelimn and the underlying eonneetive 
tissue. 

membranous labyrinth: Endolymph-filled tubes 
that enelose the reeeptors of the internal ear. 
memory T eells: T lymphoeytes that provide immu- 
nologie memory, enabling an enhaneed immune 
response when reexposed to a speeifie antigen. 
menarehe: The beginning of menstmal function. 
menisei: Pads of fibrous eartilage between opposing 
smfaees in a joint. 

menopause: The eessation of uterine eyeles as a eon- 
sequence of the aging proeess and exhaustion of 
viable follieles. 

menstruation: The shedding of blood and endome- 
trial tissue at menses. 
meseneephalon: The midbrain. 
mesenehyme: Embryonie or fetal eonneetive tissue. 
mesentery: A double layer of serous membrane that 
supports and stabilizes the position of an organ in 
the abdominopelvie eavity and provides a route for 
the assoeiated blood vessels, nerves, and lymphatie 
vessels. 

mesoderm: The middle germ layer that lies between 
the eetoderm and endoderm of the embryo. 
metabolism: The sum of all of bioehemieal proeesses 
underway within the human body at a given mo- 
ment; includes anabolism and eatabolism. 
metaearpals: The five bones of the palm of the hand. 
metaphase: A stage of mitosis wherein the ehromo- 
somes line up along the equatorial plane of the eell. 
metaphysis: The region of a long bone between the 
epiphysis and diaphysis, eorresponding to the loea- 
tion of the epiphyseal eartilage of the developing 
bone. 

metarterioles: Vessels that eonneet an arteriole to a 
venule and provide blood to a eapillary plexus. 
metastasis: The spread of eaneer eells from one 
organ to another, leading to the establishment of 
seeondary tumors. 

metatarsasl bone: The five bones of the foot that ar- 
ticulate with the tarsal bones (proximally) and the 
phalanges (distally). 

meteneephalon: The pons and cerebellum of the brain. 
mierofilaments: Fine protein filaments visible 
with the eleetron mieroseope; eomponents of the 
eytoskeleton. 
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mieroglia: Phagoeytie neuroglia in the eentral nervous 
system, derived from the monoeytes of the blood. 
microtubules: Mieroseopie tubules that are part of 
the eytoskeleton and are found in eilia, flagella, 
the eentrioles, and spindle fibers. 
mierovilli: Small, fingerlike extensions of the ex- 
posed plasma membrane of an epithelial eell. 
micturition: IJrination. 

middle ear: Spaee between the external and internal 
ear that eontains auditory ossieles. 
midsagittal seetion: A plane passing through the 
midline of the body that divides it into left and 
right halves. 

mineraloeortieoids (MCs): Corticosteroids pro- 
duced by the zona glomemlosa of the adrenal 
cortex; steroids such as aldosterone that affeet 
mineral metabolism. 

mitoehondria: Intracellular organelles responsible 
for generating most of the ATP required for cellu- 
lar operations. 

mitosis: The division of a single eell nucleus that 
produces two identieal daughter eell nuclei; an es- 
sential step in eell division. 
mixed glands: Glands that eontain exocrine and 
endoerine eells, or an exocrine gland that produces 
serous and mucous seeretions. 
modiolus: The bony eentral hub of the eoehlea. 
monoeytes: Phagoeytie agranulocytes (white blood 
eells) in the circulating blood. 
monosynaptie reflex: A reflex where the sensory af- 
ferent synapses direetly on the motor efferent. 
morphology: The study of structure; the form of a 
living organism. 

morula: A mulberry-shaped eolleetion of eells pro- 
duced through the mitotie divisions of a zygote. 
motor neurons: Nerve eells forming a pathway from 
the brain or spinal eord to an effeetor (muscular 
or glandular) tissue. 

motor unit: All of the muscle eells eontrolled by a 
single motor neuron. 

mucins: Proteoglyeans responsible for the lubricating 
properties of mucus. 

mucosa: A mucous membrane; the epithelium plus 
the lamina propria; also ealled mucous membrane. 
nmeosa-assoeiated lymphoid tissue (MALT): The 
extensive eolleetion of lymphoid tissues linked 
with the epithelia of the digestive, respiratory, 
urinary, and reproductive traets. 
mucous eells: Goblet-shaped, mucus-producing, 
unicellular glands in eertain epithelia of the diges- 
tive and respiratory traets; they are ealled mucous 
eells when they are found in the stomaeh mucosa, 
respiratory mucosa, and salivary glands; they are 
ealled goblet eells in the mucosa of the small 
intestine, large intestine, terminal bronehioles, 
and conjunctiva. 

mucous membrane: See mucosa. 
multipennate muscle: A muscle whose internal fi- 
bers are organized around several different tendons. 
muscarinic reeeptors: Membrane reeeptors sensitive 
to aeetyleholine and to muscarine, a toxin pro- 
duced by eertain mushrooms; loeated at all para- 
sympathetie neuromuscular and neuroglandular 
junctions and at a few sympathetie neuromuscular 
and neuroglandular junctions. 
mnsele tissue: A tissue eharaeterized by the presenee 
of eells eapable of eontraetion; includes skeletal, 
eardiae, and smooth muscle tissue. 


myeleneephalon: The medulla oblongata. 
myoblasts: Early muscle eells that differentiate into 
muscle fibers. 

myoeardial infaretion (MI): Heart attaek; damage 
to the heart muscle due to an intermption of re- 
gional eoronary circulation. 
myocardium: The eardiae muscle tissue of the 
heart. 

myofibrils: Organized eolleetions of myofilaments in 
skeletal and eardiae muscle eells. 
myofilaments: Fine protein filaments, eomposed of 
the proteins aetin (thin filaments) and myosin 
(thiek filaments). 

myoglobin: An oxygen-binding pigment espeeially 
eommon in slow skeletal muscle fibers and eardiae 
muscle fibers. 

myometrium: The thiek layer of smooth muscle in 
the wall of the uterus. 

myosatellite eells: Cells that are the precursors to 
skeletal muscle eells (fibers). 
myosin: Protein eomponent of the thiek 
myofilaments. 

N 

nails: Keratinous structures produced by epithelial 
eells of the nail root. 

nasal eavity: The ehamber on either side of the nasal 
septum. 

nasolaerimal duct: Passageway that transports tears 
from the nasolaerimal sae to the nasal eavity. 
nasopharynx: Region of the pharynx that lies supe- 
rior to the soft palate. 

natural killer (NK) eells: Type of lymphoeyte that 
ean kill target eells without previous sensitivity. 
nebulin: Large protein making up skeletal muscle. 
neonate: A newborn infant, or baby. 
neoplasm: A tumor, or mass of abnormal tissue. 
nephron loop: The segment of the nephron between 
the proximal and distal convoluted tubules that 
ereates the eoneentration gradient; also ealled loop 
ofHenle. 

nephrons: Basie functional units of the kidneys. 
neurofibrils: Mierofibrils in the eytoplasm of a 
neuron. 

neurofilaments: Mierofilaments in the eytoplasm of 
a neuron. 

neuroglia: Cells of the eentral nervous system and 
peripheral nervous system that support and pro- 
teet neurons; also ealled glial eells. 
neurohypophysis: The posterior lobe of the pituitary 
gland, or pars nervosa; eontains the axons of hy- 
pothalamie neurons, which release OXT and ADH. 
neurolemma: The outer surface of a Schwann eell 
that eneireles an axon in the peripheral nervous 
system. 

neuromuscular junction (NMJ): A synapse be- 
tween a neuron and a muscle eell. 
neuron: A eell in nervous tissue that is speeialized for 
intercellular communication through ehanges in 
membrane potential and synaptie eonneetions. 
neurotubules: Microtubules in the eytoplasm of a 
neuron. 

neutrophils: White blood eells that are very numer- 
ous and normally the first of the mobile phagoeytie 
eells to arrive at an area of injury or infeetion. 
nieotinie reeeptors: Aeetyleholine reeeptors on the 
surfaces of sympathetie and parasympathetie gan- 
glion eells; respond to the compound nieotine. 
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nipple: An elevated epithelial projeetion on the sur- 
faee of the breast, eontaining the openings of the 
lactiferous sinuses. 

Nissl bodies: The ribosomes, Golgi apparatus, rough 
endoplasmie reticulum, and mitoehondria of the 
perikaryon of a typieal neuron. 
noeieeptors: Pain reeeptors. 
normovolemie: Having a normal blood volume. 
nucleolus/nucleoli: The dense region in the nucleus 
that is the site of RNA synthesis. 
nneleoplasm: Fluid eontent of the nucleus. 
nnelens pulposus: The gelatinous eore of an inter- 
vertebral dise. 

nucleus/nuclei: Cellular organelle that eontains DNA, 
RNA, and proteins; a mass of gray matter in the CNS. 
nurse eells: Supporting eells of the seminiferous 
tubules of the testis; responsible for the differenti- 
ation of spermatids, the maintenanee of the blood 
testis barrier, and the seeretion of inhibin, andro- 
gen-binding protein, and Miillerian-inhibiting fae- 
tor; also ealled Sertoli eells. 

nystagmus: Involuntary, continual movement of the 
eyes as if to adjust to eonstant motion. 

O 

oeelnsal surface: The opposing surfaces of the teeth 
that eome into eontaet when chewing food. 
oculomotor nerves (N III): Cranial nerves that 
eontrol the extra-ocular muscles other than the 
superior oblique and the lateral rectus. 
olfaetion: The sense of smell. 
olfaetory bulbs: The expanded ends of the olfaetory 
traets; the sites where the axons of the first eranial 
nerves (N I) synapse on eentral nervous system 
interneurons that lie inferior to the frontal lobes 
of the eerebmm. 

oligodendroeyte: Central nervous system neuroglia that 
maintains cellular organization within gray matter 
and provides a myelin sheath in areas of white matter. 
oneologists: Physieians speeializing in the study and 
treatment of tumors. 

ooeyte: A eell whose meiotie divisions will produce a 
single ovum and three polar bodies. 
oogenesis: Formation and development of an ooeyte. 
oogonia: Stem eells in the ovaries whose divisions 
give rise to ooeytes. 

ooplasm: The eytoplasm of the ooeyte. 
optie ehiasm: The erossing point of the optie nerves. 
optie nerves (N II): The seeond eranial nerves, 
which earry signals from the retina of the eye to 
the optie ehiasm. 

optie traets: The traets over which nerve impulses 
from the retinas are transmitted between the optie 
ehiasm and the thalamus. 
ora serrata: The anterior edge of the neural retina. 
organ: Combinations of tissues that perform eom- 
plex functions. 

organelles: Intracellular structures with speeifie 
functions or group of functions. 
organogenesis: The formation of organs during em- 
bryologieal and fetal development. 
origin: In a skeletal muscle, the point of attaehment 
that does not ehange position when the muscle 
eontraets; usually defined in terms of movements 
from the anatomieal position. 
oropharynx: The middle portion of the pharynx, 

bounded superiorly by the nasopharynx, anteriorly by 
the oral eavity, and inferiorly by the laryngopharynx. 
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osmosis: The movement of water aeross a semiper- 
meable membrane toward a solution eontaining a 
relatively high solute eoneentration. 
osseons tissue: A strong eonneetive tissue eontaining 
speeialized eells and a mineralized matrix of erys- 
talline calcium phosphate and calcium earbonate; 
also ealled bone tissiie. 

ossifieation: The formation of bone; osteogenesis. 
osteoblasts: Cells that produce fibers and matrix of 
bone within eonneetive tissue (intramembranous 
ossifieation) or eartilage (endoehondral ossifiea- 
tion); may differentiate into osteoeytes. 
osteoelast: A eell that dissolves the fibers and matrix 
of bone. 

osteoeytes: Bone eells responsible for the mainte- 
nanee and turnover of the mineral eontent of the 
surrounding bone. 
osteogenesis: Bone production. 
osteogenie layer: The inner cellular layer of the 
periosteum that partieipates in bone growth and 
repair. 

osteoid: The organie eomponents of the bone matrix, 
produced by osteoblasts and osteoeytes. 
osteolysis: The breakdown of the mineral matrix of 
bone. 

osteomalaeia: Adult bone disease eharaeterized by 
the gradual softening and bending of bones with 
aeeompanying pain; also ealled adult riekets. 
osteon: The basie histologieal unit of eompaet bone, 
eonsisting of osteoeytes organized around a eentral 
eanal and separated by eoneentrie lamellae. 
osteopenia: The eondition of inadequate bone pro- 
duction in the adult, leading to a loss in bone 
mass and strength. 

osteoporosis: A reduction in bone mass and 
strength sufficient to eompromise normal bone 
function. 

osteoprogenitor eells: Stem eells that give rise to 
osteoblasts. 

otoliths: Calcium earbonate erystals embedded in a 
gelatinous matrix; loeated on eaeh macula of the 
vestibule. 

oval window: Opening in the bony labyrinth where 
the stapes attaehes to the membranous wall of the 
seala vestibuli (vestibular duct). 
ovarian eyele: Monthly eyele of gamete development 
in the ovaries, assoeiated with eyelieal ehanges in 
the production of sex hormones (estrogens and 
progestins). 

ovulation: The release of a seeondary ooeyte, sur- 
rounded by eells of the eorona radiata, after the 
rupture of the wall of a tertiary folliele; in females, 
the periodie release of an ooeyte from an ovary. 
oxytocin: A hormone produced by hypothalamie eells 
and seereted into eapillaries at the posterior lobe of the 
pituitary gland (nemohypophysis); stimulates smooth 
muscle eontraetions of the uterus or mammary glands 
in females and the prostate gland in males. 

P 

paeemaker eells: Cells of the sinoatrial (SA) node 
that set the paee of eardiae eontraetion. 
panereas: A digestive organ eontaining exocrine and 
endoerine tissues; the exocrine portion seeretes 
panereatie juice, and the endoerine portion se- 
eretes hormones, including insulin and glucagon. 
panereatie duct: A tubular duct that earries panere- 
atie juice from the panereas to the duodenum. 


panereatie islets: Aggregations of endoerine eells in 
the panereas; also ealled islets of Langerhans. 
panereatie juice: A mixture of buffers and digestive 
enzymes that is diseharged into the duodenum 
under the stimulation of the enzymes seeretin and 
eholeeystokinin. 

paranasal sinuses: Bony ehambers lined by respira- 
tory epithelium that open into the nasal eavity; 
include the frontal, ethmoidal, sphenoidal, and 
maxillary sinuses. 

paraplegia: Paralysis of the upper limbs. 
parasagittal seetion: A plane that parallels the mid- 
sagittal plane but that does not pass along the 
midline. 

parasympathetie division: One of the two divi- 
sions of the autonomic nervous system; generally 
responsible for aetivities that eonserve energy and 
lower the metabolie rate; the “rest and digest” di- 
vision; also ealled eraniosaeral division. 
parathyroid glands: Four small glands embedded 
in the posterior surface of the thyroid gland that 
seerete parathyroid hormone. 
parathyroid hormone (PTH): A hormone seereted 
by the parathyroid glands when blood calcium 
levels deerease below the normal range; causes 
inereased osteoelast aetivity, inereased intestinal 
calcium uptake, and deereased calcium ion loss by 
the kidneys. 

parietal eells: Cells of the gastrie glands that seerete 
hydroehlorie aeid and intrinsie faetor. 
parietal layer of the serous pericardium: The 
outer part of the serous pericardium. 
parietal peritoneum: The layer of the peritoneum 
(serous sae) that lines the abdominal walls. 
parietal pleura: The serous membrane that lines the 
wall of the pulmonary eavity. 
parotid glands: Large salivary glands that seerete 
saliva with high eoneentrations of salivary (alpha) 
amylase. 

pars distalis: The large, anterior portion of the ante- 
rior lobe of the pituitary gland (adenohypophysis). 
pars intermedia: The portion of the anterior lobe 
of the pituitary gland (adenohypophysis) that 
is immediately adjaeent to the posterior lobe of 
the pituitary gland (nemohypophysis) and the 
infundibulum. 

pars tuberalis: The portion of the anterior lobe of 
the pituitary gland (adenohypophysis) that wraps 
around the infundibulum superior to the posterior 
lobe (nemohypophysis). 
parturition: Childbirth, delivery. 
patella: The sesamoid bone of the knee; also ealled 
the kneeeap. 

pathology: The study of disease. 
pedieles: Thiek bony stmts that eonneet the vertebral 
body with the articular and spinous proeesses. 
pelvie eavity: Inferior subdivision of the abdomi- 
nopelvie (peritoneal) eavity; eneloses the minary 
bladder, the sigmoid eolon and rectum, and male 
or female reproductive organs. 
pelvis: A bony complex ereated by the artiailations 
among the coxal bones, the saemm, and the coccyx. 
penis: A eomponent of the male external genitalia; a 
copulatory organ that surrounds the methra and 
introduces semen into the female vagina; the de- 
velopmental equivalent of the female elitoris. 
pepsin: Proteolytie enzyme seereted by the ehief eells 
of the gastrie glands in the stomaeh. 


pepsinogen: The inaetive proenzyme that is seereted 
by ehief eells of the gastrie pits; after seeretion it is 
eonverted to the proteolytie enzyme pepsin. 
peptidases: Enzymes that split peptide bonds and 
release amino aeids. 

perforating eanals: Passageways within eompaet 
bone that extend perpendicular to the smfaee. 
perieardial eavity: The spaee between the parietal 
perieardimn and the epicardium (viseeral periear- 
dium) that eovers the outer smfaee of the heart. 
periearditis: Inflammation of the pericardium. 
pericardium: The fibrous sae that surrounds the 
heart, and whose inner, serous lining is continu- 
ous with the epicardium. 

perichondrium: Layer that surrounds a eartilage, 
eonsisting of an outer fibrous and an inner cellu- 
lar region. 

perikaryon: The eytoplasm that surrounds the nu- 
cleus in the eell body of a nemon. 
perilymph: A fluid similar in eomposition to eere- 
brospinal fluid; found in the spaees between the 
bony labyrinth and the membranous labyrinth of 
the internal ear. 

perimysium: Connective tissue partition that sepa- 
rates adjaeent fasciculi in a skeletal muscle. 
perineurium: Connective tissue partition that sepa- 
rates adjaeent bundles of nerve fibers in a periph- 
eral nerve. I 

periodontal ligament: Collagen fibers that anehor a 
tooth within its alveolus. 

periosteum: Layer that surrounds a bone, eonsisting 
of an outer fibrous and inner cellular region. I 

peripheral nervous system (PNS): All nervous 

tissue outside the eentral nervous system. I 

peristalsis: A wave of smooth muscle eontraetions 
that propels materials along the lumen of a tube 
such as the digestive traet, the meters, or the ductus 
deferens. 

peritoneal dialysis: Removal of soluble substances 
and water by transfer aeross the peritoneum. 
peritoneum: The serous membrane that lines the 
peritoneal (abdominopelvie) eavity. 
permeability: Ease with which dissolved materials 
ean eross a membrane; if freely permeable, any 
molecule ean eross the membrane; if imperme- 
able, nothing ean eross; most biologieal mem- 
branes are seleetively permeable. 
peroxisomes: Membranous vesieles eontaining en- 
zymes that break down hydrogen peroxide (H 2 0 2 ). 
phalanx/phalanges: Bone(s) of the finger(s) ortoe(s). 
pharynx: The throat; a muscular passageway shared 
by the digestive and respiratory traets. 
photoreeeptors: Reeeptors that are sensitive to 
light. 

physiology: The study of how living organisms per- 
form their functions. 

pia mater: The innermost layer of the meninges 
bound to the underlying nervous tissue. 
pineal gland: Nervous tissue in the posterior portion 
of the roof of the dieneephalon, responsible for 
seereting melatonin. 

pinealoeytes: Seeretory eells of the pineal gland. 
pituitary gland: An endoerine organ that is loeated 
in the sella turcica of the sphenoid bone and is 
eonneeted to the hypothalamus by the infundib- 
ulum; includes the posterior lobe (neurohypophy- 
sis) and the anterior lobe (adenohypophysis); also 
ealled the hypophysis. 
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plaeenta: A temporary structure in the uterine wall 
that permits diffusion between the fetal and ma- 
ternal circulatory systems. 
plaeentation: Formation of a functional plaeenta 
following implantation of a blastoeyst in the 
endometrium. 

plantar flexion: Ankle extension; toe pointing. 
plasma eells: Aetivated B eells that seerete antibodies. 
plasma membrane: A eell membrane; also ealled a 
plasmalemma or eell membrane. 
plasma: The fluid ground substance of whole blood; 
what remains after the eells have been removed 
from a sample of whole blood. 
platelets: Small paekets of eytoplasm that eontain 
enzymes important in the elotting response; 
manufactured in the bone marrow by eells ealled 
megakaryoeytes. 

pleura: The serous membrane lining the pleural 
(lung) eavities. 

pleural eavity: Body eavity of the thoraeie region 
that surrounds the lung. 

pneumothorax: The introduction of air into the 
pleural eavity. 

polar body: A nonfunctional paeket of eytoplasm 
eontaining ehromosomes eliminated from an 
ooeyte during meiosis. 
pollex: The thumb. 

polyeythemia: An unusually high hematoerit due to 
the presenee of excess numbers of formed 
elements, espeeially RBCs. 
polysynaptie reflex: A reflex with interneurons 
interposed between the sensory fiber and the 
motor neuron(s). 

pons: The portion of the meteneephalon anterior to 
the cerebellum. 

posteentral gyrus: The primary sensory cortex, where 
touch, vibration, pain, temperature, and taste sensa- 
tions arrive and are consciously pereeived. 
posterior: Toward the baek; dorsal. 
preeentral gyrus: The primary motor cortex of a eere- 
bral hemisphere, loeated anterior to the eentral sulcus. 
prefrontal cortex: The anterior portion of eaeh 
eerebral hemisphere; thought to be involved with 
higher intellectual functions, predietions, and 
ealailations. 

premotor cortex: The motor assoeiation area be- 
tween the preeentral gyms and the prefrontal area. 
pre-optie area: The hypothalamie nucleus that eoor- 
dinates thermoregulatory aetivities. 
prepuce: Loose fold of skin that surrounds the glans 
penis (males) orthe elitoris (females). 
preputial glands: Glands on the inner surface of the 
prepuce that produce a viscous, odorous seeretion 
ealled smegma. 

prime mover: A muscle that performs a speeifie ae- 
tion; also ealled an agonist. 

progesterone: The most important progestin seereted 
by the corpus luteum following ovulation. 
progestins: Steroid hormones structurally related to 
eholesterol. 

projeetion fibers: Axons earrying information from 
the thalamus to the eerebral cortex. 
prolaetin (PRL): The hormone that stimulates 
functional development of the mammary glands 
in females; a seeretion of the anterior lobe of the 
pituitary gland (adenohypophysis). 
pronation: Rotation of the forearm that makes the 
palm faee posteriorly. 
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prone: Lying faee down with the palms faeing the floor. 
prophase: The initial phase of mitosis, eharaeterized 
by the appearanee of ehromosomes, breakdown 
of the nuclear membrane, and formation of the 
spindle apparatus. 

proprioeeptors: Sensory organs that monitor the po- 
sition and movement of skeletal muscles and joints. 
prostate: An aeeessory gland of the male reproduc- 
tive traet, contributing about one-third of the 
volume of semen. 

protraetion: Movement anteriorly in the horizontal 
plane. 

proximal eonvohited tubule (PCT): The segment 
of the nephron between glomemlar's capsule and 
the nephron loop; the major site of aetive reab- 
sorption from the filtrate. 

pubic symphysis: Fibrocartilaginous amphiarthrosis 
between the pubic bones of the hip. 
pubis: The anterior, inferior eomponent of the hip bone. 
pulmonary circuit: Blood vessels between the pul- 
monary semilunar valve of the right ventriele and 
the entranee to the left atrium; the blood flow 
through the lungs. 

pulmonary ventilation: Movement of air in and out 
of the lungs. 

pulp eavity: Internal ehamber in a tooth, eontaining 
blood vessels, lymphaties, nerves, and the eells that 
maintain the dentin. 

pulvinar nuclei: The thalamie nuclei involved in the 
integration of sensory information prior to projee- 
tion to the eerebral hemispheres. 
pupil: The opening in the eenter of the iris through 
which light enters the eye. 

Purkinje eell layer: A large, branehing neuron of the 
eerebellar cortex. 

putamen: Thalamie nucleus involved in the integra- 
tion of sensory information prior to projeetion to 
the eerebral hemispheres. 
pyelonephritis: Inflammation of the kidneys. 
pylorie sphineter: Ring of smooth muscle that reg- 
ulates the passage of ehyme from the stomaeh to 
the duodenum. 

pylorus: Gastrie region between the body of the stomaeh 
and the duodenum; includes the pylorie sphineter. 

Q 

quadriceps femoris: Four anterior thigh muscles 
that include the rectus femoris, vastus lateralis, 
vastus intermedius, and vastus medialis. 
quadriplegia: Paralysis of the upper and lower limbs. 

R 

radiologieal procedures: Methods for visualizing in- 
ternal structures using various forms of radiation. 
radius: The lateral and shorter of the two bones of 
the forearm. 

ramus/rami: Braneh/branehes. 
raphe: A seam. 

reeeptive field: The area monitored by a single sen- 
sory reeeptor. 

recto-uterine pouch: Peritoneal poeket between the 
anterior surface of the rectum and the posterior 
surface of the uterus. 

rectum: The distal 15 em (6 in.) of the digestive traet. 
red blood eells (RBCs): See erythroeytes. 
reflex are: The reeeptor, sensory neuron, motor neu- 
ron, and effeetor involved in a particular reflex; 
interneurons may or may not be present, depend- 
ing on the reflex eonsidered. 


reflex: A rapid, automatic response to a stimulus. 
regulatory T eells: Population of T lymphoeytes that 
suppress the immune response. 
renal corpuscle: The initial portion of the nephron, 
eonsisting of an expanded ehamber that eneloses 
the glomerulus. 

renin: The enzyme released by eells of the juxtaglo- 
memlar complex when renal blood flow deereases; 
eonverts angiotensinogen to angiotensin I. 
rennin: Gastrie enzyme that breaks down milk 
proteins. 

respiration: Exchange of gases between living 
eells and the environment; includes pulmonary 
ventilation, external respiration, and internal 
respiration. 

respiratory rhythmieity eenters: The eenters in the 
medulla oblongata that set the background paee 
of respiration; includes inspiratory and expiratory 
eenters. 

rete testis: An interwoven network of blood vessels 
or passageways. 

reticular formation: Diffuse network of gray 
matter that extends the entire length of the 
brainstem. 

retina: The innermost layer of the eye, lining the vit- 
reous ehamber; also known as the inner layer. 
retraetion: Movement posteriorly in the horizontal 
plane. 

retroflexion: A posterior tilting of the uterus that 
has no elinieal signifieanee. 
retroperitoneal: Situated behind or outside of the 
peritoneal eavity. 

reverberation: Positive feedbaek along a ehain 
of neurons such that they remain aetive onee 
stimulated. 

Rh faetor: A surface antigen that may be present 
(Rh positive) or absent (Rh negative) from the 
smfaees of red blood eells. 
rheumatism: A eondition eharaeterized by pain in 
muscles, tendons, bones, or joints. 
ribosomes: Organelles that eontain rRNA and pro- 
teins and are essential to mRNA translation and 
protein synthesis. 

riekets: Bone disease in ehildren caused by vitamin 
D defieieney eharaeterized by inadequate ealeifiea- 
tion, skeletal deformities, and bowed legs. 
rigor mortis: Extended muscular eontraetion and 
rigidity that occurs after death, as the result of eal- 
cium ion release from the SR and the exhaustion 
of eytoplasmie ATP reserves. 
rods: Photoreeeptors responsible for vision in dim 
lighting. 

rotator cuff: Four muscles of the shoulder joint that 
include the supraspinatus, infraspinatus, teres 
minor, and Subscapularis. 

rough endoplasmie reticulum (RER): A membra- 
nous organelle that is a site of protein synthesis 
and storage. 

round window: An opening in the bony labyrinth 
of the internal ear that exposes the membranous 
wall of the tympanie duct to the air of the middle 
ear eavity. 

rubrospinal traets: Deseending traets that earry 
involuntary motor eommands issued by the red 
nucleus of the meseneephalon. 
rugae: Mucosal folds in the lining of the empty 
stomaeh that disappear as gastrie distension oe- 
curs; folds in the urinary bladder. 
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saeenle: A portion of the vestibular apparatus of the 
internal ear; eontains a macula important for pro- 
viding sensations of gravity and linear aeeeleration 
in a vertieal dimension. 

sacrum: Triangular bone that articulates with the 
last lumbar vertebra, coccyx, and the hip bone on 
either side. 

sagittal plane: Seetional plane that divides the body 
into left and right portions. 
sareolemma: The plasma membrane of a muscle eell. 
sareomere: The smallest eontraetile unit of a striated 
muscle eell. 

sareoplasm: The eytoplasm of a muscle eell. 
sareoplasmie reticulum (SR): The endoplasmie re- 
ticulum of skeletal muscle and eardiae muscle. 
seala tympani: The perilymph-filled ehamber of the 
internal ear, adjaeent to the basilar membrane; 
pressure ehanges there distort the round window; 
also ealled tympanie duct. 

seala vestibuli: The perilymph-filled ehamber of the 
internal ear, adjaeent to the vestibular membrane; 
pressure waves are induced by movement of the sta- 
pes at the oval window; also ealled vestibular duct. 
seapnla: The shoulder blade. 
sear tissne: Thiek, collagenous tissue that forms at 
an injury site. 

Schwann eells: Neuroglia responsible for the neu- 
rilemma that surrounds axons in the peripheral 
nervous system. 

seiatiea: Pain resulting from eompression of the roots 
of the seiatie nerve. 

selera: The fibrous, outer layer of the eye forming the 
white area of the anterior surface; a portion of the 
fibrous layer of the eye. 

seoliosis: An abnormal, exaggerated lateral curvature 
of the spine. 

scrotum: Loose-fitting, fleshy pouch that eneloses 
the testes of the male. 

sebaceous glands: Glands that seerete sebum, usu- 
ally assoeiated with hair follieles. 
sebum: A waxy seeretion that eoats the surfaces of 
hairs. 

seeretin: A hormone, seereted by the duodenum, that 
stimulates the production of buffers by the pan- 
ereas and inhibits gastrie aetivity. 
seetional planes: Views or sliees along a two-dimen- 
sional flat surface. 

semen: The fluid ejaculate that eontains spermatozoa 
and the seeretions of aeeessory glands of the male 
reproductive traet. 

semicircular dnet: The tubular eomponent of the 
membranous labyrinth of the internal ear; re- 
sponds to rotational movements of the head. 
semìnal glands: Glands of the male reproductive 
traet that produce roughly 60 pereent of the vol- 
ume of semen. Also known as seminal vesieles. 
seminiferous tubules: Coiled tubules where sperm 
production occurs in the testis. 
sensible perspiration: Water loss due to seeretion by 
sweat glands. 

serosa: See serous membrane. 
serous membrane: A squamous epithelium and the 
underlying loose eonneetive tissue; the lining of 
the perieardial, pleural, and peritoneal eavities. 
serum: Blood plasma from which elotting agents 
have been removed. 

sesamoid bones: Bone that form within tendons. 


sex eells: Sperm or ooeytes. 

sigmoid eolon: The S-shaped region of the eolon be- 
tween the deseending eolon and the rectum. 
signs: Visible, objeetive evidenee of the presenee of a 
disease. 

simple epithelium: An epithelium eontaining a sin- 
gle layer of eells above the basement membrane. 
sinnsoids: Exchange vessels that are similar in general 
structure to fenestrated eapillaries. The two differ 
in size (sinusoids are larger and more irregular in 
eross seetion), continuity (sinusoids have gaps 
between endothelial eells), and support (sinusoids 
have thin basement membranes, if present at all). 
skeletal muscle tissue: Contractile tissue dominated 
by skeletal muscle fibers; eharaeterized as striated, 
voluntary muscle. 

skeletal muscle: A eontraetile organ of the muscular 
system. 

sliding filament theory: The eoneept that a sareo- 
mere shortens as the thiek and thin filaments slide 
past one another. 

small intestine: The duodenum, jejunum, and 

ileum; the digestive traet between the stomaeh and 
large intestine. 

smegma: Seeretion of the preputial glands of the 
penis or elitoris. 

smooth endoplasmie reticulum (SER): Membra- 
nous organelle in which lipid and earbohydrate 
synthesis and storage occur. 
smooth muscle tissue: Muscle tissue in the walls of 
many viseeral organs; eharaeterized as nonstriated, 
involuntary muscle. 

smooth muscle: Muscle tissue found in the walls of 
many viseeral organs; eharaeterized as nonstriated, 
involuntary muscle. 

soft palate: Fleshy posterior extension of the hard pal- 
ate, separating the nasopharynx from the oral eavity. 
somatie eells: Cells of an organism other than the 
sex eells (sperm and ooeytes). 
somatie nervous system (SNS): The efferent divi- 
sion of the nervous system that innervates skeletal 
muscles. 

somatie: Pertaining to the body. 
somatostatin: GH-IH, a hypothalamie regulatory 
hormone that inhibits GH seeretion by the ante- 
rior pituitary. 

sperm: Male gametes; also ealled spermatozoon/ 
spermatozoa. 

spermatie eords: Spermatie vessels, nerves, lymphat- 
ies, and the ductus deferens, extending between the 
testes and the proximal end of the inguinal eanal. 
spermatids: The product of meiosis in the male, eells 
that differentiate into sperm. 
spermatogenesis: Sperm production. 
spermatogonia: Stem eells whose mitotie divisions 
give rise to other stem eells and spermatoeytes. 
spermiogenesis: The proeess of spermatid differen- 
tiation that leads to the formation of physieally 
mature sperm. 

sphineter: Muscular ring that eontraets to elose the 
entranee or exit of an internal passageway. 
spinal meninges: Speeialized membranes that line 
the vertebral eanal and provide proteetion, stabi- 
lization, nutrition, and shoek absorption to the 
spinal eord. 

spinal nerve: One of 31 pairs of nerves that origi- 
nate on the spinal eord from anterior and poste- 
rior roots. 


spinoeerebellar traets: Aseending traets earrying 
sensory information to the cerebellum. 
spinothalamie traets: Aseending traets earrying 
poorly loealized touch, pressme, pain, vibration, 
and temperatme sensations to the thalamus. 
spinous proeess: Prominent posterior projeetion of a 
vertebra, formed by the fusion of two laminae. 
spiral organ: A reeeptor complex in the seala media 
of the eoehlea that includes the inner and outer 
hair eells, supporting eells and structures, and the 
teetorial membrane; provides the sensation of 
hearing; also ealled the organ ofGorti. 
spleen: Lymphoid organ important for red blood eell 
phagoeytosis, the immune response, and lympho- 
eyte production. 

spongy bone: Bone that eonsists of an open network 
of stmts and plates that resembles a three-dimen- 
sional garden lattiee. 

sprains: Injmies to a ligament resulting from exces- 
sive forees at the joint but without joint disloea- 
tion or fraetme. 

squamous epithelium: An epithelium whose super- 
fieial eells are flattened and platelike. 
stapedius: A muscle of the middle ear whose eon- 
traetion tenses the auditory ossieles and reduces 
the forees transmitted to the oval window. 
stapes: The auditory ossiele attaehed to the tympanie 
membrane. 

stellate maerophages: Phagoeytie eells of the liver 
sinusoids; also ealled Knpffer eells. 
stermim: Long, flat bone that articulates with the 
eartilages of the first seven ribs and with the 
elaviele and forms the anterior wall of the thorax; 
has three parts: manubrium, body, and xiphoid 
proeess. 

strains: Ovemse injmies to a muscle; also ealled mus- 
ele tear. 

stratum basale: The deepest epidermal layer. 
stratum corneum: Layers of flattened, dead, kerati- 
nized eells eovering the epidermis of the skin. 
stratum granulosum: Layer of epidermis lying just 
superficial to the stratum spinosum and deep to 
the stratum lucidum. 

stratum lucidum: Layer of epidermis found between 
the stratum corneum and stratmn granulosum 
present only in thiek skin. 

stratum spinosum: Layer of the epidermis between 
the stratmn basale and stratum granulosum. 
streteh reflex: Tonie muscle eontraetion in response 
to stimulation of muscle proprioeeptors. 
stroma: The eonneetive tissue framework of an 
organ; distinguished from the functional eells 
(parenehyma) of that organ. 
subarachnoid spaee: Meningeal spaee eontaining 
eerebrospinal fluid; the area between the araeh- 
noid mater and the pia mater. 
subcutaneous layer: The layer of loose eonneetive 
tissue below the dermis; also ealled the 
superficial faseia. 

subluxation: A partial disloeation of a joint. 
submucosa: Region between the muscularis mucosae 
and the muscularis externa. 
subserous faseia: Loose eonneetive tissue layer be- 
neath the serous membrane lining the anterior 
body eavity. 

sulcus/sulci: Groove(s) or furrow(s). 

superficial faseia: See subcutaneous layer. 
superficial: Loeated nearer the body smfaee. 
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superior vena eava (SVC): The vein that earries 
blood to the right atrium from parts of the body 
that are superior to the heart. 
superior: Above, in referenee to a portion of the body 
in the anatomieal position. 

supination: Rotation of the forearm so that the palm 
faees anteriorly. 

supine: Lying faee up, with palms faeing anteriorly. 
suprarenal gland: See adrenal gland. 
surface anatomy: Referring to superficial anatom- 
ieal structures; the study of the body surface in 
relation to its deeper parts. 
surfactant: Lipid seeretion that eoats alveolar sur- 
faees of the lungs and prevents their eollapse. 
sutural bones: Irregular bones that form in fibrous 
tissue between the flat bones of the developing 
cranium; also ealled VVormian bones. 
suture: Fibrous joint between flat bones of the skull. 
sympathetie division: The division of the autonomic 
nervous system that is responsible for “fight or 
flight” reaetions; primarily eoneerned with the el- 
evation of metabolie rate and inereased alertness; 
also ealled the thoraeoliimbar division. 
symphysis: A fibrous amphiarthrosis, such as those 
between adjaeent vertebrae or between the pubic 
bones of the coxae. 

symptoms: Abnormality in functions as a result of 
disease; subjective experiences of patient. 
synapse: Site of communication between a nerve eell 
and some other eell; if the other eell is not a neu- 
ron, the term neuromuscular junction or nemoglan- 
dular ]unction is often used. 
synaptie eleft: The spaee between the axolemma and 
the postsynaptie surface. 
synaptie vesieles: Membrane-bound structures 
near the presynaptie membrane that eontain 
neurotransmitters. 

synarthrosis: A joint that does not permit relative 
movement between the articulating elements. 
synehondrosis: A cartilaginous synarthrosis, such as 
the articulation between the epiphysis and diaphy- 
sis of a growing bone. 
syndesmosis: A fibrous amphiarthrosis. 
synergist: A muscle that assists a prime mover in 
performing its primary aetion. 
synostosis: A synarthrosis formed through the fusion 
of the articulating elements. 
synovial fluid: Substance seereted by synovial mem- 
branes that lubricates joints. 
synovial joint: A freely movable joint where the 
opposing bone surfaces are separated by synovial 
fluid; also ealled a diarthrosis. 
synovial membrane: An ineomplete layer of fibro- 
blasts eonfronting the synovial eavity, plus the 
underlying loose eonneetive tissue. 
systemie circuit: Vessels between the aortie valve and 
the entranee to the right atrium; the circulatory 
system other than vessels of the pulmonary circuit. 

T 

T eells: Lymphoeytes responsible for cellular immu- 
nity, and for the eoordination and regulation of 
the immune response; include regulatory T eells 
(helpers and suppressors) and cytotoxic (killer) 

T eells. 

T tubules: Transverse, tubular extensions of the sar- 
eolemma that extend deep into the sareoplasm to 
eontaet eisternae of the sareoplasmie reticulum. 


taehyeardia: Abnormally rapid heart rate, usually 
over 90 beats per minute. 

taetile corpuscles: Touch reeeptors loeated within der- 
mal papillae adjaeent to the basement membrane of 
the epidermis; also ealled M eissner’s eorpiiseles. 
taetile dises: Sensory nerve endings that eontaet 
speeial reeeptors ealled Merkel eells, loeated within 
the deeper layers of the epidermis; also ealled 
MerkeYs dises. 

tarsal bones: The bones of the ankle (the talus, eal- 
caneus, navicular, and cuneiform bones). 
tarsus: The ankle. 

teetorial membrane: Gelatinous membrane 
suspended over the hair eells of the spiral organ. 
teetospinal traets: Deseending extrapyramidal traets 
earrying involuntary motor eommands issued by 
the eolliaili. 

tectum: The roof of the meseneephalon of the brain. 
teleneephalon: The forebrain or eerebmm, including 
the eerebral hemispheres, the internal capsule, and 
the eerebral nuclei. 

telodendria: Terminal axonal branehes that end in 
axon terminals. 

telophase: The final stage of mitosis, eharaeterized 
by the disappearanee of the spindle apparatus, 
the reappearanee of the nuclear membrane and 
the disappearanee of the ehromosomes, and the 
eompletion of eytokinesis. 

temporal: Pertaining to time (temporal summation) 
or pertaining to the temples (temporal bone). 
tendon: A collagenous band that eonneets a skeletal 
muscle to an element of the skeleton. 
tentorium eerebelli: Dural partition that separates 
the eerebral hemispheres from the cerebellum. 
teratogen: Any agent or faetor that induces or in- 
ereases the risk of abnormal prenatal development. 
terminal eisternae: Pairs of transversely oriented 
tubules of the sareoplasmie reticulum in skeletal 
muscle that together with an intermediate 
T tubule form a triad. 

tertiary folliele: A mature ovarian folliele eontain- 
ing a large, fluid-filled ehamber. 
testes: The male gonads, sites of gamete production 
and hormone seeretion; also ealled testieles. 
testosterone: The main androgen produced by the 
interstitial endoerine eells of the testes. 
thalamus: The walls of the dieneephalon. 
thermoreeeptors: Reeeptors sensitive to temperature 
ehanges. 

thermoregulation: Homeostatie maintenanee of 
body temperature. 

thiek filament: A eytoskeletal filament in a skeletal 
or eardiae muscle eell; eomposed of myosin, with a 
eore of titin. 

thin filament: A eytoskeletal filament in a skeletal 
or eardiae muscle eell; eonsists of aetin, troponin, 
nebulin, and tropomyosin. 
thromboeytopenia: Abnormally low platelet count 
in the circulating blood. 
thrombus: Blood elot. 

thymosin: Thymie hormone essential to the develop- 
ment and differentiation of T eells. 
thymus: Lymphoid organ, site of T eell development 
and maturation. 

thyroglobulin: Circulating transport globulin that 
binds thyroid hormones. 

thyroid gland: An endoerine gland whose lobes are 
lateral to the thyroid eartilage of the larynx. 
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thyroid hormones: Thyroxine (T 4 ) and triiodothy- 
ronine (T 3 ), hormones of the thyroid gland; hor- 
mones that stimulate tissue metabolism, energy 
utilization, and growth. 

thyroid-stimulating hormone (TSH): Anterior 
pituitary hormone that triggers the seeretion of 
th^nroid hormones by the thyroid gland. 
thyroxine: A thyroid hormone; also ealled T 4 or 
tetraiodothyronine. 

tibia: The large, medial bone of the leg. 
tissues: Collections of speeialized eells and eell prod- 
ucts that perform speeifie functions. 
titin: Fibrous protein that eonneets think myosin fil- 
aments to Z dises in the sareomere. 
tonsilleetomy: Removal of the tonsil(s). 
tonsillitis: Inflammation of the tonsil(s). 
tonsils: Lymphoid nodules in the wall of the phar- 
ynx; the palatine, pharyngeal, and lingual tonsils. 
trabeculae earneae: Muscular ridges projeeting from 
the walls of the ventrieles of the heart. 
trabeculae: Connective tissue partitions that subdi- 
vide an organ. 

traehea: The windpipe, an airway extending from the 
larynx to the primary bronehi. 
traeheostomy: Surgical opening of the anterior tra- 
eheal wall to permit airflow. 
transfusion: Transfer of blood from a donor direetly 
into the bloodstream of another person. 
transient isehemie attaek (TIA): Sudden loss of 
neurologic function with eomplete reeovery. 
transndate: Fluid that diffuses aeross a serous mem- 
brane and lubricates opposing surfaces. 
transverse plane: A horizontal plane that divides the 
body into superior and inferior portions. 
transverse tubules: The transverse, tubular exten- 
sions of the sareolemma that extend deep into the 
sareoplasm, eontaeting eisternae of the sareoplas- 
mie reticulum; also ealled T tubules. 
triad: The transverse tubule (T tubule) and the terminal 
eisternae on eaeh side of it in skeletal muscle fibers. 
trigeminal nerves (N V): Cranial nerves that provide 
sensory information from the lower portions of 
the faee (including the upper and lower jaws) 
and deliver motor eommands to the muscles of 
mastieation (chewing). 

trigone: Triangular region of the urinary bladder 
bounded by the exits of the ureters and the en- 
tranee to the urethra. 

triiodothyronine (T 3 ): One of the thyroid hormones. 
troehlea: A pulley; the spool-shaped medial portion 
of the eondyle of the humerus. 
troehlear nerves (N IV): Cranial nerves eontrolling 
the superior oblique muscle of the eye. 
trophoblast: Superficial layer of the blastoeyst that 
will be involved with implantation, hormone pro- 
duction, and plaeenta formation. 
tropomyosin: Fibrous muscle protein that eovers 
aetive sites on G aetin and prevents aetin-myosin 
interaetion. 

troponin: Globular muscle protein that binds to 
tropomyosin. 

tubulin: Protein subunit of microtubules. 
tumor: A tissue mass formed by the abnormal growth 
and replieation of eells. 

tympanie membrane: Membrane that separates the ex- 
ternal acoustic meatus from the middle ear; membrane 
whose vibrations are transferred to the auditory ossieles 
and ultimately to the oval window; the “eardmm.” 
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ulna: The medial and larger of the two bones of the 
forearm. 

iimbilieal eord: Connecting stalk between the fetus 
and the plaeenta; eontains the allantois, the um- 
bilieal arteries, and the umbilical vein. 
unicellular glands: Mucous eells. 
ureters: Muscular tubes, lined by transitional epithe- 
lium, that earry urine from the renal pelvis to the 
urinary bladder. 

urethra: A muscular tube that earries urine from the 
urinary bladder to the exterior. 
urethritis: Inflammation of the urethra. 
urinary bladder: Muscular, distensible sae that 
stores urine prior to urination. 
urination: The voiding of urine; micturition. 
uterine eyele: Cyclical ehanges in the uterine lining 
that occur in reproductive-age women. Eaeh uter- 
ine eyele, which occurs in response to circulating 
hormones (see ovarian eyele), lasts 21-35 days. 
uterus: Muscular organ of the female reproductive 
traet where implantation, plaeenta formation, and 
fetal development occur. 

utricle: The largest ehamber of the vestibular appara- 
tus of the internal ear; eontains a macula import- 
ant for providing sensations of gravity and linear 
aeeeleration in a horizontal dimension. 
uvula: A dangling, fleshy extension of the soft palate. 

V 

vagina: A muscular tube extending between the 
uterus and the vestibule. 

vallate papillae: One of the large, dome-shaped papil- 
lae on the superior surface of the tongue that forms 
a V, separating the body of the tongue from the root. 
valves: Flap-like structure that maintains unidirec- 
tional blood flow. 

vas deferens: See ductus deferens. 
vasa vasorum: Blood vessels that supply the walls of 
large arteries and veins. 

vasoeonstrietion: A reduction in the diameter of 
arterioles due to the eontraetion of smooth mus- 
eles in the tunica media; inereases peripheral 
resistanee; may occur in response to loeal faetors, 
through the aetion of hormones, or from the stim- 
ulation of the vasomotor eenter. 
vasodilation: An inerease in the diameter of arteri- 
oles due to the relaxation of smooth muscles in 
the tunica media; deereases peripheral resistanee; 


may occur in response to loeal faetors, through the 
aetion of hormones, or after deereased stimulation 
of the vasomotor eenter. 

veins: Blood vessels earrying blood from eapillary 
beds toward the heart. 

ventrieles: Fluid-filled ehambers; in the heart, one 
of the large ehambers diseharging blood into the 
pulmonary or systemie circuits; in the brain, one 
of four fluid-filled interior ehambers. 
venules: Thin-walled veins that reeeive blood from 
eapillaries. 

vermis: Midsagittal band of neural cortex on the sur- 
faee of the cerebellum. 
vertebra prominens: The vertebra in the 

eervieothoraeie region that has the most prominent 
spinous proeess, usually the seventh eervieal 
vertebra, but sometimes the sixth eervieal vertebra 
or the first thoraeie vertebra. 
vertebral eanal: Passageway that eneloses the spinal 
eord, a tunnel bounded by the neural arehes of 
adjaeent vertebrae. 

vertebral column: The eervieal, thoraeie, and lum- 
bar vertebrae, the saemm, and the coccyx. 
vestibular folds: Mucosal folds in the laryngeal 
walls that do not play a role in sound production; 
the false voeal eords. 

vestibular nuclei: The proeessing eenters for sensa- 
tions that arrive from the vestibular apparatus of 
the internal ear, loeated near the border between 
the pons and the medulla oblongata. 
vestibule: A ehamber; in the internal ear, the term refers 
to the utricle, saccule, and semicircular ducts; also 
refers to (1) a region of the female external genitalia, 
(2) the spaee within the fleshy portion of the nose 
between the nostrils, and (3) the spaee between the 
ventricular folds and the voeal folds of the larynx. 
vestibulospinal traets: Deseending traets of the ex- 
trapyramidal system, earrying involuntary motor 
eommands issued by the vestibular nucleus to sta- 
bilize the position of the head. 
viseera: Internal organs of the thoraeie and abdomi- 
nopelvie eavities. 

viseeral layer of the serous pericardium: The 

inner part of the serous pericardium positioned 
direetly on the heart. 

viseeral peritoneum: The layer of peritoneum on 
the abdominal organs. 

viseeral pleura: The serous membrane on the lungs 
and dipping into the fissures between the lung lobes. 


viseeral: Pertaining to viseera (internal organs) or 
their outer eoverings. 

viseosity: The resistanee to flow that a fluid exhibits 
as a result of molecular interaetions within the 
fluid. 

voeal folds: Folds in the laryngeal wall eontaining 
elastie ligaments whose tension ean be voluntarily 
adjusted; the tme voeal eords, responsible for 
phonation. 

vulva: The female pudendum (external genitalia). 

W 

wallerian degeneration: Disintegration of an axon 
and its myelin sheath distal to an injury site. 

Wernicke’s area: Region of the brain involved with 
language eomprehension, loeated in the cortex of 
the dominant temporal lobe. 

white blood eells (WBCs): The gramiloeytes 
and agranulocytes of whole blood; also ealled 
l eiikoeytes. 

white matter: Regions in the eentral nervous system 
(CNS) that are dominated by myelinated axons. 

white ramus communicans: A nerve bundle eon- 
taining the myelinated preganglionie axons of 
sympathetie motor neurons en route to the sympa- 
thetie ehain or to a eollateral ganglion. 

X 

xiphoid proeess: Slender, inferior extension of the 
sternum. 

yolk sae: One of the three extra-embryonic mem- 
branes, eomposed of an inner layer of endoderm 
and an outer layer of mesoderm. 

Z lines: Cross striations that biseet the I bands in 
striated muscle fibers; they anehor the aetin fila- 
ments at either end of the sareomere. 

zona fasciculata: Region of the adrenal cortex that 
seeretes glucocorticoids. 

zona glomerulosa: Region of the adrenal cortex that 
seeretes mineraloeortieoids. 

zona pelhieida: Region between a developing ooeyte 
and the surrounding follicular eells of the ovary. 

zona reticularis: Region of the adrenal cortex that 
seeretes androgens. 

zygote: The fertilized ovum prior to the start of 
eleavage. 
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surface anatomy, 329 
veins, 594 

Abdomen/abdominal, 15, 16 
Abdominal aorta, 585-587 
Abdominal aortie aneurysm, 585 
Abdominal eavity, 19, 22-23 
Abdominal lymph nodes, 616 
Abdominopelvie eavity, 19, 22-23, 

336-337 


Abdominopelvie quadrants, 16, 24 
Abdominopelvie regions, 16, 24, 666 
Abducens nerve (NVI), 265, 433, 

438, 442 

Abduction, 207, 210, 284 
Abductor digiti minimi, 298, 315, 316 
Abductor hallucis, 315, 316 
Abductor pollieis muscles, brevis/longus, 

296, 298 

Abortion, spontaneous, 742 
Absorption, 7 

Aeeessory glands, male reproductive 

system, 13, 716-717 
Aeeessory ligament, 205 
Aeeessory nerve (N XI), 270, 289, 433, 

441, 442, 443 

Aeeessory organs, digestive system, 651, 

675-681 


Aeeessory panereatie duct, 680 
Aeeessory respiratory muscles, 643, 644 
Aeeessory structures 
eye, 491-492 

integumentary system, 87, 88, 

95-102 



synovial joints, 205-206 
Acetabular fossa, 185 
Acetabular fracture, 172, 202 
Acetabular labrum, 222 
Acetabular ligament, transverse, 223 
Acetabular noteh, 185, 222 
Acetabulum, 185 

Aeetyleholine (ACh), 243, 351-352 
Aeetyleholinesterase (AChE), 243 
Aehilles (ealeaneal) tendon, 196, 309, 316 
Aehondroplasia, 126 
Aeinar glands, 58, 59 
Aene, 98 

Acoustic meatus, internal/external, 142, 

143, 147, 148, 480 
Acoustic nerve (N VIII). See 

Vestibulocochlear nerve 


(N VIII) 

Acquired immunodeficiency syndrome 

(AIDS), 614 
Acquired reflex, 381 
Aeromegaly, 126, 522, 523 
Aeromial end, elaviele, 174 
Acromioclavicular joint, 177, 225 
Acromioclavicular ligament, 217 
Aeromion, 177 
Aerosome, 714 
Aetin, 35, 74, 238 


Aetinin, 241 

Aetion, muscle, 251-252 

Aetion lines, 285, 290 

Aetion potential, 243, 341, 346, 351 

Aetive membrane proeesses, 33 

Aetive site, thin filament, 242 

Aetive transport, 33 

Acute, 26 

Acute lymphoblastie leukemia, 528, 544 

Acute renal failure, 699 

Adam’s apple (laryngeal prominenee), 

630 

Adaptability, 7 

Adaptation, 472 

Addison disease, 522, 523 

Adduction, 207, 210, 284 

Adductor, 253 

Adductor hallucis, 315, 316 

Adductor muscles, magnus/brevis/longus, 

304, 306 

Adductor pollieis, 298 
Adductor tubercle, femur, 193 
Adenitis, 623 
Adenoeareinoma, 77 
Adenohypophysis, 508, 511 
Adenoid (pharyngeal tonsil), 612 
Adenosine triphosphate (ATP), 33 
Adhesion belt, 42, 43 
Adhesions, 48, 85 
Adipoeytes, 61, 62 
Adipose tissue, 62, 63, 507 
Adrenal artery, 587 
Adrenaleetomy, 527 
Adrenal (suprarenal) gland 
cortex, 516-518 
development, 774 

endoerine functions, 10, 457, 507, 518 
gross anatomy, 516, 517 
histology, 517 

medulla, 450, 457, 517, 518 
Adrenaline (epinephrine), 457, 518, 522 
Adrenal vein, 594 
Adrenoeortieal steroids 

(eortieosteroids), 516 
Adrenoeortieotropie hormone (ACTH), 

508, 512 

Adult respiratory distress syndrome 

(ARDS), 642 
Adventitia, 568 
Aerobie metabolism, 249 
Afferent arterioles, 690 
Afferent division, peripheral nervous 

system, 339 
Afferent fibers, 350 
Afterbirth (plaeenta), 754 
Ageusia, 505 
Agglutination, 534 
Agglutinins, 534 

Agglutinogens (surface antigens), 533 
Aggregated lymphoid nodules, 612, 672 
Aging 

cardiovascular system and, 598 
digestive system and, 682 
endoerine system and, 524 
gustatory pereeption and, 479 
integumentary system and, 102-103 
intervertebral dises and, 214 


joints and, 231 
lymphatie system and, 619 
muscular system and, 253 
olfaetory pereeption and, 479 
oogenesis and, 721 
reproductive system and, 733 
respiratory system and, 645 
skeletal system and, 120, 199 
tissues and, 76 

urinary system and, 702-703 
Agonist (prime mover), 251 
Agranulocytes (agranular leukocytes), 

532, 534, 536 
Ala, saeral, 164 
Albinism, 89 
Albumins, 531 

Aleohol consumption, in pregnaney, 744 
Aldosterone, 516 
Aldosteronism, 522 

Alimentary eanal (digestive traet), 651. 

See also Digestive system 
Allantois, 745, 782 
Allograft, 623 

All or none prineiple, muscle 

eontraetion, 247 
Alpha eells, panereas, 520, 521 
Alpha reeeptors, 458 
Alveolar eells, 638 
Alveolar ducts, 638 
Alveolar glands, 58, 59 
Alveolar joint, 216 
Alveolar maerophages, 638 
Alveolar part, mandible, 154 
Alveolar proeess, maxilla, 144, 150 
Alveolar saes, 638 

Alveoli, 11, 576, 625-626, 638, 640 

Alzheimer’s disease, 432, 443 

Amaerine eells, retina, 498 

Amenorrhea, 738 

Amino aeid derivatives, 508 

Amnion, 745 

Amniotie eavity, 744 

Amniotie fluid, 745 

Amphiarthrosis, 204, 205 

Amphimixis, 740, 741 

Ampulla 

ductus deferens, 716 
duodenal, 672 
semicircular duct, 483 
uterine tube, 724 
Ampullary erest, 483 
Ampullary cupula, 483 
Amygdaloid body, 429, 430, 431 
Amyotrophie lateral selerosis (ALS), 

387, 402 
Anabolism, 7 

Anaerobie metabolism, 249 
Anal eanal, 674 
Anal columns, 674 
Anal sphineter, internal/external, 

277, 674 

Anal triangle, 277-278 
Anamnestie response, 623 
Anaphase, 44, 45 
Anaplasia, 48 
Anastomoses, 559, 572 
Anatomieal direetions, 16-17 


Anatomieal landmarks, 14-15 
Anatomieal neek, humerus, 177 
Anatomieal planes, 18-19 
Anatomieal position, 14 
Anatomieal pulleys, 253 
Anatomieal regions, 16 
Anatomieal vocabulary, 14-19 
Anatomy 

elinieal, 4, 23 
eomparative, 2, 4 

eross-seetional, 4, 23, 334. See also 

Cross-sectional anatomy 
definition, 2 
developmental, 2 
gross, 2 

language of, 14-19 
mieroseopie, 2 
radiographie, 4, 23 
regional, 2 
seales, 3 

superficial, 14-17, 24 
surface, 2, 326. See also Surface 

anatomy 
surgical, 4, 23 
systemie, 2 

Anaxonic neurons, 348, 349 
Anconeus, 292 

Androgen binding protein (ABP), 714 
Androgenital syndrome, 522 
Androgens, 508, 522, 711 
Anemia, 538 
Anesthetie, 359 
Aneurysm, 585, 598 
Angina, 558, 569 
Angiogenesis, 85 
Angiogram, 602 
Angiography 
aortie, 579 
eoronary, 558 
digital subtraction, 21, 558 
Angiotensin-eonverting enzyme 

(ACE), 640 
Angiotensin I, 518 
Angiotensin II, 518 
Angiotensinogen, 518 
Angles 

mandible, 153 
rib, 168 
scapula, 174 

Angular motion, 207, 210 
Anguli oris muscle, levator/depressor, 264 
Anisotropie, 241 
Ankle (taloemral) joint 
bones, 193 
injuries, 229 
ligaments, 228 
structure, 228, 229-230 
surface anatomy, 333 
Ankyloglossia, 657 
Ankylosing spondylitis, 215 
Annular ligament, 219, 632 
Ansa eerviealis nerve, 370 
Antagonist (muscle), 251-252 
Antebrachial/antebrachium, 16 
Antebraehial cutaneous nerve, 374 
Antebraehial interosseous membrane, 

177, 221 
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Antebraehial vein, median, 593 
Antecubital/antecubitus, 15 
Anteflexion, uterus, 725 
Anterior [direetion], 17 
Anterior eardiae vein, 559 
Anterior eavity, eye, 492 
Anterior ehamber, eye, 492 
Anterior commissure, 429 
Anterior eompartment 
lower limb, 319-321 
upper limb, 301-302 
Anterior emeiate ligament (ACL), 225 
Anterior fontanelle, 156 
Anterior interventricular braneh, left 

eoronary artery, 559 
Anterior lobe, pituitary gland, 508, 511 
Anterior nuclei, thalamus, 417-418, 432 
Anterior seetion, 18 
Antibodies (immunoglobulins), 62, 

531, 608 

Antibody-mediated immunity, 608-609 
Antidimetie hormone (ADH) 
functions, 418, 509, 510, 512 
overproduction, 522 
underproduction, 509, 522 
Antigens, 608 
Antmrn 

bone marking, 124 
ovary, 723 
Anucleate eells, 38 
Anular ligament, 221 
Anulus fibrosus, 213 
Anus, 673, 674 
Aorta 

abdominal, 585-587 
angiogram, 579 
aseending, 554, 579 
deseending, 554, 579, 585 
distribution from, 579 
terminal segment, 585 
thoraeie, 585 
Aortie anemysm, 585 
Aortie areh, 554, 579, 776-777 
Aortie bodies, 476 
Aortie sinuses, 5 54 

Aortie (semilunar) valve, 554, 555, 556 
Apex 

heart, 550 
lung, 633 
nose, 627 
patella, 193 
saemm, 162 
Aphasia, 428 

Apieal eetodermal ridge, 763, 765 
Apieal foramen, 659 
Apieal smfaee, epithelimn, 50, 52 
Apneustic eenter, 415, 643 
Apoerine seeretion, 58, 60 
Apoerine sweat glands, 99 
Aponemoses, 9, 65, 237 
Appendieitis, 672 

Appendicular musculature, 283-324 
arm, 288, 290-291 
development, 764-765 
foot and toes, 315-318 
forearm and hand, 292-300 
function, 9, 283, 284-285 
hand and fingers, 296-300 
leg, 306-318 
overview, 283 
peetoral girdle, 286-289 
pelvie girdle, 303-306 
superficial, 260, 261 
Appendicular skeleton, 173-202 
development, 762-763 


functions, 8 

lower limb. See Lower limb 
overview, 8, 108, 133, 173 
peetoral girdle. See Peetoral girdle 
pelvie girdle. See Pelvie girdle 
upper limb. See Upper limb 
Appendix, 672, 673 
Applied foree, 254 
Appositional growth 
bone, 113, 119 
eartilage, 67, 68, 116 
Aqueduct of the midbrain (eerebral 

aqueduct), 406 
Aqueous humor, 498-499 
Araehnoid granulations, 409, 412 
Araehnoid mater, 364, 409 
Araehnoid trabeculae, 364 
Arbor vitae, 422 
Arehes 

arcuate (dorsal), 587 
atlas, vertebral anterior/posterior, 162 
foot, 197 
plantar, 587 
Arcuate artery, 690, 727 
Arcuate fibers, 429 
Arcuate line, ilium, 185 
Arcuate vein, 690 
Areflexia, 386 
Areola, 730 

Areolar tissue, 62, 63, 64 
Arm. See Upper limb 
Arreetor pili muscle, 96 
Arterial anastomosis, 572 
Arteries 

abdominal, 585-588 
arterioles, 571 
brain, 582, 584 
ehest, 579-581 
elastie, 568-569, 571 
functions, 10, 546 
head and neek, 582-583 
histology, 568, 570 
lower limb, 587, 589-590 
muscular, 569 
nutrient, 114 
pelvis, 587 

systemie circuit, 576-590 
thorax, 579-581 
trunk, 585-587 
upper limb, 579-582 
vs. veins, 568, 570-571 
Arteries listed 
adrenal, 587 
aorta. See Aorta 
arcuate, 690, 727 
axillary, 371, 582 
basilar, 582 
braehial, 582 
bronehial, 585 
earotid. See Carotid artery 
eerebral, 582 
circumflex, 587 
communicating, 582 
eoronary, 555, 558-559 
eortieal radiate, 690 
deep, of the penis, 719 
deferential, 708 
dental, 659 
digital, 582 
dorsal areh, 587 
dorsalis pedis, 587 
epigastrie, 711 
esophageal, 585, 663 
femoral, 332, 587 
fibular, 587 


gastrie, 587, 663 
gastroduodenal, 663 
gastroepiploie, 663 
genicular, 587 
gonadal, 587 
hepatie, 587, 663, 678 
humeral circumflex, 582 
iliae, 587 
intereostal, 585 
interlobar, kidney, 690 
lumbar, 587 
mediastinal, 585 
mesenterie, 587, 669, 672 
ophthalmie, 582 
ovarian, 587, 721, 727 
palmar areh, 582 
panereatie, 680 
pancreaticoduodenal, 680 
perieardial, 585 
phrenie, 585, 587 
plantar, 587 
plantar areh, 587 
popliteal, 587 
pudendal, 711 
pulmonary, 554 
radial, 582 
radial, uterus, 727 
renal, 587, 689 
saeral, 587 
segmental, 689-690 
spiral, 727 

splenie, 587, 618, 663 
straight, 727 
subclavian, 579, 582 
testicular, 587, 708 
thoraeie, 579 
tibial, 587 
trabecular, 619 
ulnar, 582 

umbilical, 596, 746, 776 
uterine, 727 
vertebral, 412, 579, 582 
Arteriography, 698 
Arterioles, 569, 571 
Arterioselerosis, 569 
Arteriovenous anastomoses, 572 
Arteriovenous malformation, 567, 601 
Arthritis, 73, 231 
Arthroeentesis, 127 
Articular (joint) capsule, 204 
ankle, 228 
hip, 223 
knee, 225 

Articular eartilage, 117, 204 
Articular faeets 
rib, 168 

vertebrae, 158, 162 
Articular proeess, vertebrae, 158, 162 
Articular tubercle, temporal bone, 143, 147 
Articulations, 204. See also Joints 
Arytenoid eartilage, 631 
Aseending aorta, 554, 579 
Aseending eolon, 674 
Aseending limb, nephron loop, 694 
Aseending (sensory) traets 
neurons in, 389, 390 
overview, 366, 388-390 
posterior columns, 388-389, 392 
spinoeerebellar, 389, 393, 394 
spinothalamie, 389, 392-393, 394 
Aseites, 85, 655 
Aspirate, 649 
Assoeiation areas, 425 
Assoeiation fibers, 429 
Asthma, 641 


Astral rays, 45 
Astroeytes, 342, 343, 344 
Ataxia, 422 

Atheroselerosis, 558, 569, 598 
Atlanto-axial joint, 216 
Atlanto-oeeipital joint, 216 
Atlas, 162, 163, 216 
Atria, heart, 546, 553-554, 556-557 
Atrial branehes, right eoronary artery, 555 
Atrial diastole, 561 
Atrial natriuretic peptide (ANP), 518 
Atrial systole, 561 
Atrioventricular (AV) bundle, 560 
Atrioventricular (AV) node, 560, 562 
Atrioventricular (AV) valves 
left (mitral valve), 554, 556 
right (tricuspid valve), 554, 556 
Atrophy, muscle, 248 
Attaehed (fixed) ribosomes, 36, 37 
Attaehment 

epithelial tissue, 50 
intercellular, 42, 43 
Attention defieit hyperaetivity disorder 

(ADHD), 448 

Auditory eanal. See Acoustic meatus, 

intern al / external 
Auditory cortex, 425, 490 
Auditory ossieles, 143, 145, 148, 481, 482 
Auditory pathways, 487, 490 
Auditory reflex, 444 
Auditory tube, 143, 148, 480, 482 
Auricle 

atrium, 553 
ear, 67, 480 
Auricular surface 
ilium, 185 
saemm, 165 
Auris/otic, 15 
Autograft, 623 
Autologous transfusion, 539 
Autolysis, 42 

Automaticity (autorhythmicity), 560 
Autonomic eenters, hypothalamus, 

418, 419 

Autonomic ganglion, 367 
Autonomic nervous system (ANS), 339, 

341, 450 

deseending traets. See Deseending 

(motor) traets 

divisions, 450, 452-453. See also 

Parasympathetie (eraniosaeral) 
division, autonomic nervous 
system; Sympathetie 
(thoracolumbar) division, 
autonomic nervous system 
dysfunction, 466 
in heart rate eontrol, 562-563 
peripheral plexuses, 462-463 
vs. somatie nervous system, 450 
Autonomic plexus, 451, 462-463 
Autonomic (viseeral) reflexes, 381, 444, 

463-464 



Autoregulation, eapillary, 572 
Avascular, 50 
Axes of motion, 208 
Axial musculature, 260-281 
development, 764-765 
functions, 9 

head and neek, 261, 262-269 

oblique group, 261, 273-275 

pelvie diaphragm, 261, 277-278 

perineum, 261, 277-278 

rectus group, 273-275 

superficial, 260, 261 

vertebral column. See Vertebral column 
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Axial skeleton, 132-133 
functions, 8 
joints. See Joints 
overview, 8, 108 
skull. See Skull 
thoraeie eage, 167-168 
vertebral column. See Vertebral column 
Axillary/axilla, 15 
Axillary artery, 371, 582 
Axillary lymph nodes, 613, 614 
Axillary nerve, 290, 371, 374 
Axillary vein, 593 
Axis, 162, 163, 216 
Axolemma, 344 
Axon, 76, 340, 342, 347, 348 
Axon hilloek, 348 
Axon terminal, 243, 246, 340 
Axoplasm, 348 
Axoplasmic transport, 348 
Azotemia, 706 
Azygos vein, 594 




Baek 

bones, 158-166 
muscles, 270-273, 286, 288 
surface anatomy, 328 
Bacteriuria, 706 
Ball-and-soeket joints, 209 
Balloon angioplasty, 558 
Barium-contrast x-ray, 20 
Baroreeeptor reflex, 465 
Baroreeeptors, 474, 476 
Basal body, 35 
Basal eell, 88 
Basal eell eareinoma, 94 
Basal decidua, 746 
Basal epithelial eells, 476 
Basal lamina, 52 
Basal layer, uterus, 727 
Basal nuclei, 399, 429-431 
Basal surface, epithelium, 50 
Base 

heart, 550 
lung, 633 
patella, 193 
sacrum, 162 

Basement membrane, 52-53 
Basilar artery, 582 
Basilar membrane, 486 
Basilie vein, 593 

Basolateral surface, epithelium, 50 
Basophils, 67, 532, 535-536 
B eells, 536, 607-610 
Bell’s palsy, 259, 281, 439 
Belly, muscle, 250 
Beta eells, panereas, 520, 521 
Beta reeeptors, 458 
Biaxial joint, 205, 208, 209 
Bieeps braehii 

aetions, 251, 292 
innervation, 292 
muscle fiber organization, 250 
origin/insertion, 174, 177, 221, 285, 

292 


Bieeps femoris, 307, 310 

Bicuspids (premolars), 659 

Bicuspid (mitral) valve, 554, 556 

Bifid, 161 

Bile, 677, 678 

Bile canaliculi, 678 

Bile ducts, 678, 680 

Bile ductules, 678 

Bile salts, 677 

Bilimbin, 677 


Bimalleolar (Pott’s) fracture, 123, 229 

Bipennate muscle, 250, 251 

Bipolar eells, retina, 498 

Bipolar neurons, 348, 349 

Bisphosphonates, 125 

Bladder, urinary, 12, 465, 688, 699-701 

Blastoeoele, 743 

Blastoeyst, 78, 742, 743 

Blastodise, 744, 745 

Blastomere, 743 

Blind spot, 498 

Blood, 528-544 

age-related ehanges, 598 
distribution in cardiovascular system, 

574-575 

formed elements, 65, 67, 529, 

530, 531 

platelets, 65, 67, 529, 532, 
536-537 

red blood eells. See Red blood eells 
white blood eells. See White 
blood eells 
functions, 10, 529 
hemopoiesis, 539-541 
plasma, 529-531 
transfusions, 539 
viseosity, 529 
volume, 529 
Blood air barrier, 638 
Blood bank, 544 

Blood brain barrier (BBB), 342, 409, 412 
Blood elotting, 537 
Blood doping, 538 
Blood reservoir, 575 
Blood supply 
bone, 114, 120 
brain, 412 
dermis, 93-94 
epidermis, 93-94 
esophagus, 663 
kidney, 689-690, 692, 693 
liver, 678 
lung, 638 

skeletal muscle, 237 
skin, 93-94 
stomaeh, 663, 664 
uterus, 727 

Blood testis barrier, 712 
Blood thymus barrier, 616 
Blood types, 533-534, 535 
Blood vessels. See also Arteries; Veins 
age-related ehanges, 598 
arteries vs. veins, 570-571 
distribution of, 575-576 
functions, 10 
histology, 568, 570 
overview, 575-576 
pulmonary circuit, 575-576 
systemie circuit, 576-585 
Body. See also Shaft 
epididymis, 715 
gallbladder, 678 
mandible, 153 
muscle, 250 
panereas, 680 
penis, 719 
rib, 168 
scapula, 174 
sphenoid, 148 
sternum, 168 
stomaeh, 663, 664, 665 
tongue, 657 
uterus, 725 
Bodybuilding, 44 
Body eavities, 18-19, 22 


Body plan, vertebrate, 4 
Body stalk, 746, 782 
Body temperature, 94 
Bolus, 653 

Bone. See also Skeletal system 
aging and, 120 
vs. eartilage, 70 
elassifieation, 121 
eompaet, 68, 70, 109-112 
eongenital disorders, 126 
development and growth 
appositional, 113, 119 
blood and nerve supply, 114, 120 
endoehondral ossifieation, 113- 
114, 116-117 

epiphyseal closure, 113, 117 
intramembranous ossifieation, 

113,115 

regulation, 114, 118 
endosteum, 112-113 
flat, 121 

histology, 68, 70, 108-109 

injury and repair, 120. See also Fracture 

irregular, 121 

long, 121 

periosteum, 68, 111, 112-113 
pneumatized, 121 
remodeling, 119-120 
sesamoid, 121 
sex differenees, 198 
short, 121 

spongy, 68, 70, 109-112, 115 
sutural, 121 
sutural, 140 
Bone eollar, 116 
Bone graft, 202 
Bone markings, 121, 124 
Bone marrow, 8, 109, 541 
Bone marrow biopsy, 528 
Bone marrow transplant, 130 
Bone mineral density test (BMD), 130 
Bone sean, 127 
Bones listed 

auditory ossieles, 143, 145, 148, 481, 

482 

calcaneus, 196 

eapitate, 182 

earpal, 182, 183 

earpals, 221 

cuboid, 196 

cuneiform, 196 

ethmoid, 142, 144, 148-149 

femur, 111-112, 190-193, 228 

fibula, 193-196, 228 

frontal, 142, 143, 145, 146 

hamate, 182 

hip, 184, 185, 228 

humerus, 110, 177, 178-179, 225 

hyoid, 145, 156 

ilium, 185 

incus, 481, 482 

isehmm, 185 

laerimal, 142, 144, 153 

hrnate, 182 

malleus, 481, 482 

mandible, 142, 145, 153-154, 216 

maxilla, 142, 144, 150, 152, 216 

metaearpals, 182-183 

metatarsals, 196-197, 228 

nasal, 144, 152-153 

navicular, 196 

oeeipital, 140, 141, 142, 143 

palatine, 144, 150, 152 

parietal, 141, 143, 145 

patella, 121, 193, 225 


phalanges 

of foot, 197, 228 
of hand, 182, 225 
pisiform, 182 
pubis, 185 

radius, 177, 180-181, 225 

ribs, 167-168, 216 

saemrn, 162, 164-165, 216, 228 

seaphoid, 182 

scapula, 174, 176-177, 225 

sphenoid, 142, 144, 148-149 

stapes, 481, 482 

sternum, 168, 225 

tahis, 196 

tarsal, 196, 197, 228 
temporal, 142, 143, 145, 147-150, 216 
tibia, 193, 194-195, 228 
trapezmm, 182 
trapezoid, 182 
triquetrum, 182 
ulna, 177, 180-181, 225 
vertebrae, 4, 160-166 
vomer, 144, 153 
zygomatie, 142, 144, 153 
Bony fusion, 205 
Bony labyrinth, 482 
Borders 

heart, 550 
scapula, 174 
tibia, 193 

Botulinum toxin, 266 

Botulism, 258 

Bouchard’s nodes, 234 

Bowman’s (glomemlar) capsule, 692, 696 

Bowman’s (olfaetory) glands, 477 

Braehial/braehimn, 14, 15, 16 

Braehial artery, 582 

Braehial cutaneous nerve, 374 

Braehialis, 292, 294 

Braehial plexus, 369, 371-374 

Braehial plexus birth palsy, 375 

Braehial vein, 593 

Braehioeephalie tmnk, 579 

Braehioeephalie vein, 594 

Braehioradialis, 285, 292, 294 

Bradyeardia, 562 

Brain 

arteries, 582, 584-585 
blood brain barrier, 342, 409, 412 
blood supply, 412 
cerebellum. See Cerebellum 
eerebrospinal fluid. See Cerebrospinal 

fluid (CSF) 

cerebrum. See Cerebrum 
complexity, 404 

eranial meninges, 361, 406, 408, 

409, 410 

eranial nerves. See Cranial nerves 
eross-seetional anatomy, 334, 335, 420 
development, 404, 405, 769-770 
dieneephalon. See Dieneephalon 
functions, 9 

gray matter organization, 406 

gross anatomy, 404-406, 424, 426, 430 

injury, 411 

medulla oblongata. See Medulla 

oblongata 

meseneephalon. See Meseneephalon 
pons. See Pons 

proteetion and support, 406, 408-409 

regions and landmarks, 404-406 

veins, 590, 592 

ventrieles, 406, 407 

in vertebrate body plan, 4 

white matter organization, 406 
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Brainstem, 404, 421. See also Medulla 

oblongata; Meseneephalon; 
Pons 

Brain vesieles, primary/seeondary, 404, 

769 

BRCAl/2 genes, 721 
Breast, 730, 732-733 
Breast eaneer, 733 
Breeeh position, 755 
Brevis, 253 

Bristol stool ehart, 686 
Broad ligament, 721 
Broea’s area (speeeh eenter), 427 
Bronehi, 635, 636-637, 639 
functions, 11 
lobar, 635 

main, 524, 632-633 
segmental, 635 
Bronehial artery, 585 
Bronehial tree, 635-638 
Bronehioles, 635, 638, 639 
Bronehitis, 641 
Bronehoeonstrietion, 638 
Bronehodilation, 638 
Bronehography, 649 
Bronchopulmonary segments, 635 
Brown adipose eells, 65 
Brown fat, 6 5 

Brown-Sequard syndrome, 386 
Bmnner’s glands (duodenal submucosal 

glands), 672 
Buccal/bucca, 15 
Buccal phase, swallowing, 661 
Buccinator, 253, 262, 264 
Bulb, penis, 719 
Bulbar conjunctiva, 491 
Bulbospongiosus, 277, 719 
Bulbo-urethral glands, 716, 717 
Bulbous corpuscles, 474, 475 
Bulging dise, 214 
Burkitt’s lymphoma, 623 
Burning (slow) pain, 473 
Bursae 

functions, 206 
shoulder joint, 217, 219 
synovial joint, 206 
Bursitis, 219 

e 

Calcaneal/calcaneus, 15 
Calcaneal tendon, 196, 309, 316 
Calcaneus, 196 
Calcification, 113 
Calcified, 61 

Calcitonin, 118, 125, 515 

Calcitriol, 118, 518 . See also Vitamin D 

Calcium 

in bone, 108 
in human body, 5 
in muscle eontraetion, 243 
Calcium phosphate, 108 
Callus 

bone, internal/external, 122-123 
skin, 90 
Calvaria, 140 
Calyx, minor/major, 689 
Canal, 124 
eentral 

bone, 109 
spinal eord, 364 

laerimal bone, nasolaerimal, 142, 144, 

153 

mandibular, mandible, 154 
maxilla, ineisive, 142, 150 
oeeipital, hypoglossal, 140, 142, 143 


perforating, 109 
saeral, 162 
sphenoid 

optie, 142, 144, 148 
pterygoid, 149 
temporal bone 

auditory, 142, 143, 147, 148 
earotid, 142, 143, 148 
vertebral, 158 
Canaliculi, 68, 108 

Canal of Sehlemm (seleral venous sinus), 499 
Cancer 

breast, 733 
eervieal, 729 
development, 77 
lung, 638 

metastatie, 617, 638 
ovarian, 721 
panereatie, 686 
testicular, 716 
types, 77 
uterine, 729 
Canines, 659 
Capacitance vessels, 575 
Capacitation, 716 
Capillary(ies) 

continuous, 571, 572 
fenestrated, 571, 572 
functions, 10, 546 
lymphatie, 605-606 
meehanisms, 571 
peritubular, 690 
structure, 569, 571, 572 
Capillary bed, 572, 574 
Capillary endothelium, 693 
Capitate, 182 
Capitis, 270 
Capitulum. See Head 
Capsular decidua, 746 
Capsular ligament, 205-206 
Capsular outer layer, renal corpuscle, 692 
Capsular spaee, 693 
Capsule, organ, 65, 73 
Carbohydrases, 681 
Carbohydrates, in human body, 5 
Carbon, in human body, 5 
Carbon dioxide, in hemoglobin, 533 
Carcinoma, 77. See also Cancer 
Cardia, stomaeh, 663, 664, 665 
Cardiac eyele 

conducting system, 560 
eoordination of eontraetions, 559 
overview, 548, 559 
phases, 561 

sinoatrial and atrioventricular nodes, 562 
valve function during, 5 61 
Cardiac isehemia, 558 
Cardiac muscle eells, 74, 75 
Cardiac muscle tissue 
eells, 548, 549 
functions, 74, 75, 236 
histology, 75, 548, 549 
loeation, 75 
vs. skeletal muscle, 548 
structure, 74, 75 
Cardiac noteh, lung, 635 
Cardiac orifiee, stomaeh, 663 
Cardiac paeemaker (sinoatrial node), 

560, 562 
Cardiac plexus, 462 
Cardiac skeleton, 548, 550 
Cardiac sphineter, 663 
Cardiac vein, anterior/great/middle/ 

small, 559 

Cardinal ligament, uterus, 725 


Cardinal vein, 776 
Cardioacceleratory eenter, 562 
Cardioacceleratory reflex, 465 
Cardioinhibitory eenter, 562 
Cardiovascular eenters, 413, 414 
Cardiovascular system 
aging and, 598 

blood distribution in, 574-575 
ehanges at birth, 597-598, 755 
eongenital problems, 598 
development, 751, 776-777 
heart. See Heart 
overview, 7, 10, 14, 529, 546 
pericardium, 546-548 
vessels and circulation, 567-602. 

See also Arteries; Veins 
Carina of traehea, 632 
Carotene, 91 
Carotid artery 

eommon, left/right, 579 
external/internal, 148, 582 
Carotid bodies, 476 
Carotid eanal, temporal bone, 142, 

143,148 
Carotid sinus, 582 
Carotid sinus massage, 602 
Carpal/carpus, 15, 16 
Carpal bones, 182, 183, 221 
Carpal tunnel syndrome, 296, 375 
Carpometacarpal joint, 221-222, 225 
Carpus. See Wrist 
Carrier proteins, 32 
Cartilage 

arytenoid, 631 
vs. bone, 70 
corniculate, 631 
erieoid, 630 
ameiform, 631 
formation and growth, 67, 68 
laryngeal, 631 
in synovial joints, 205 
thyroid, 509, 630 
traehea, 632 
types, 67-70 
Cartilaginous joint, 205 
CAT (computerized axial tomography). 

See CT seans 
Catabolism, 7 
Cataracts, 493 

Catecholamines, 508. See also Epinephrine 

(E); Norepinephrine (NE) 
Cauda equina, 361 
Caudal [direetion], 17 
Caudate lobe, liver, 677 
Caudate nucleus, 429, 430 
Cavernous sinus, 592 
CD4 eells, 614 
Cecum, 672, 673 
Celiac ganglion, 451, 457 
Celiac plexus, 462 
Celiac trunk, 587 
Cell 

anatomy 

eytoplasm, 31 
membrane flow, 42 
membranous organelles. See 
Membranous organelles 
nonmembranous organelles. See 
Nonmembranous organelles 
overview, 28-30 
plasma membrane. See Plasma 
membrane 
definition, 2, 28 

intercellular attaehments, 42, 43 
life eyele 


DNA replieation, 43-44 
interphase, 43 
mitosis, 44-45 
overview, 42-43, 44 
Cell adhesion molecules (CAMs), 42 
Cell attaehments, 42, 43 
Cell body, neuron, 76, 340, 342 
Cell division, 42-43 
Cell junctions, 42 
Cell-mediated immunity, 608, 609 
Cell membrane. See Plasma membrane 
Cell theory, 28 

Cellular layer, perichondrium, 67 
Cellular level of organization, 6, 51 
Cement, 659 
Center, CNS, 341, 361 
Central adaptation, 472-473 
Central eanal 
bone, 109 
spinal eord, 364 

Central nervous system (CNS). See also 

Brain; Spinal eord 
anatomieal organization, 341, 

354, 361 

development, 766-770 
functions, 9, 339-340 
neuroglia, 342-343 
Central sulcus, eerebmm, 424 
Central vein, liver, 678, 679 
Central white matter, 428-429 
Centrioles, 29, 35, 36 
Centromere, 45 
Centrosome, 29, 36 
Cephalic/cephalon, 15, 16, 17 
Cephalic vein, 593 

Cephalopelvic disproportion (CPD), 755 
Cerebellar hemispheres, 422 
Cerebellar nuclei, 422 
Cerebellar peduncles, 414-415, 422 
Cerebellum 

development, 404, 405 
dysfunction, 422 
functions, 399, 406, 422 
gross anatomy, 405, 422, 423 
overview, 405, 406 
Cerebral aqueduct, 406 
Cerebral arterial eirele, 585 
Cerebral artery, anterior/middle/posterior, 

582 

Cerebral cortex. See Cerebrum 
Cerebral hemispheres, 406. See also 

Cerebrum 

Cerebral peduncles, meseneephalon, 

415, 416 

Cerebral vein, superficial/internal, 590 
Cerebrospinal fluid (CSF) 
circulation, 410, 412, 413 
formation, 410 
functions, 350, 364, 410 
Cerebrovascular aeeident (stroke), 403, 

412, 448 

Cerebrovascular diseases, 412 
Cerebrum 

basal nuclei, 429-431 
eentral white matter, 428-429 
eerebral hemispheres (cortex) 
assoeiation areas, 425 
gross anatomy, 406, 424-426, 430 
lobes, 424-426 

motor and sensory areas, 399, 425 
development, 404, 405 
gross anatomy, 405, 406 
higher-order functions, 425, 427-428 
limbie system, 431-432 
overview, 405, 406, 422 
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Cerumen, 102, 480 

Ceruminous glands, 102, 480 

Cervical/cervicis, 15, 16 

Cervical eanal, 726 

Cervical eaneer, 729 

Cervical curve, 158, 159 

Cervical dysplasia, 738 

Cervical enlargement, spinal eord, 361 

Cervical lymph nodes, 613 

Cervical plexus, 368-370, 373 

Cervical triangle, anterior/posterior, 327 

Cervical vertebrae, 158, 160-161 

Cervicis, 270 

Cervix, uterine, 725-726 

Cesarean seetion (C-section), 754 

Chalazion, 491 

Channels, eell membrane, 30 

Cheeks, 655 

Chemical level of organization, 5, 6, 51 
Chemical synapses, 351-352 
Chemoreceptor reflex, 645 
Chemoreceptors, 473, 476 
Chemotaxis, 534 
Chemotherapy, 26 
Chest. See Thorax 
Cheyne-Stokes breathing, 649 
Chief eells, stomaeh, 667, 668 
Chlorine, in human body, 5 
Choanae, 627 

Cholecalciferol, 118, 518 . See also Vitamin D 

Cholecystokinin, 668, 678 

Chondroblasts, 80 

Chondrocranium, 758 

Chondrocytes, 67 

Chondroitin sulfate, 67, 73 

Chondromalacia, 234 

Chondrosarcoma, 77 

Chordae tendineae, 554 

Chorion, 745 

Chorionic villi, 745-746 

Choroid, eye, 496 

Choroid plexus, 410, 412 

ehromaffin eells, 518 

Chromatids, 45 

Chromatin, 39 

ehromatophilie substance (Nissl 

bodies), 348 
Chromosome, 38-39 
Chronic, 26 

Chronic obstmetive pulmonary disease 

(COPD), 641 
Chronic renal failure, 699 
Chronic traumatic eneephalopathy 

(CTE), 411 
Chyme, 663 
Ciliary body, 496 
Ciliary ganglion, 436, 459 
Ciliary muscle, 496 
Ciliary proeesses, 496 
Ciliary zonule, 496 
Ciliated epithelium, 52 
Cilium (eilia), 29, 35, 36 
Cingulate gyrus, 431 
Circadian rhythm, 500, 522 
Circle of Willis (eerebral arterial eirele), 

585 


Circular folds, 651, 669 
Circular muscle, 250, 251. See also 

Sphineter 
Circumcision, 719 
Circumduction, 207, 208, 210 
Circumferential lamellae, 111 
Circumflex artery, medial/lateral, 587 
Circumflex braneh, left eoronary 

artery, 559 


Cirrhosis, 655 
Cis (forming) faee, 41 
Cisterna ehyli, 607 
Cisternae, 39 
Cisternal progression, 41 
Claustrum, 429, 430 
Clavicle, 174, 175, 225 
Clavus (callus), 90 
Cleavage, 78, 741, 742-743 
Cleavage furrow, 45 
Cleft lip, 759 
Cleft palate, 759 
Clinical anatomy, 4, 23 
Clinical Cases, 49 

amyotrophie lateral selerosis, 387, 402 
arteriovenous malformation, 567, 601 
Bell’s palsy, 259, 281 
C. diffieile infeetions, 650, 686 
cough, 624, 649 

deeompression siekness, 360, 385 
Ebola virus disease, 603, 623 
emergeney traeheostomy, 325, 337 
fainting, 449, 470 
hamstring injuries, 282, 324 
hypothyroidism, 506, 527 
kidney stones, 687, 706 
leukemia, 528, 544 
Marfan syndrome, 49, 85 
Ménière’s disease, 471, 504 
mitoehondrial disease, 27, 48 
neerotizing faseiitis, 86, 106 
polio, 235, 258 

regional anatomy in praetiee, 1,26 
skull fracture, 131, 171 
stress fracture, 107, 130 
stroke, 403, 448 
tenosynovitis, 203, 234 
testicular torsion, 707, 737 
in vitro fertilization, 739, 790 
Clinical Notes 
aene, 98 

Alzheimer’s disease, 432, 443 
anemia, 538 
ankle injuries, 229 
ankylosing spondylitis, 215 
aortie aneurysm repair, 585 
arterioselerosis, 569 
arthritis pain treatment, 73 
aseites, 655 
asthma, 641 
Bell’s palsy, 439 
blood doping, 538 
bodybuilding, 44 
botulinum toxin, 266 
breast eaneer, 733 
bronehitis, 641 

ealeaneal tendon rupture, 316 
earpal tunnel syndrome, 296 
eell division, tumor formation, and 

eaneer, 77 

eerebellar dysfunction, 422 
ehronie obstmetive pulmonary 

disease, 641 

ehronie traumatic eneephalopathy, 411 
eleft lip and eleft palate, 759 
elinieal anatomy and teehnology, 20-21 
eoeeygeal fracture, 157 
eompartment syndrome, 319 
eomplieations of parturition, 755 
concussion, 411 
eongenital cardiovascular 

problems, 598 

eongenital malformations, 742 
eongenital skeletal disorders, 126 
eoronary artery disease, 558 


eranial reflexes, 444 
eystie fibrosis, 627 
delayed-onset muscle soreness, 242 
dementia, 443 

developmental abnormalities, 768 
diabetes insipidus, 509 
diabetes mellitus, 520 
diagnosis, 7 
disease, 4 

dysautonomia, 466 

emphysema, 641 

endoerine disorders, 522-523 

endoseopy, 665 

epidural hematoma, 411 

esophagitis, 662 

eye disorders, 493 

femoral artery, 332 

fibromyalgia, 238 

fractures and their repair, 122-123 

gastritis, 668 

gastroesophageal reflux disease, 662 

Guillain-Barré syndrome, 338, 359 

hearing loss, 487 

heart sounds, 328 

hemophilia, 538 

hiatal hernia, 662 

hip dysplasia, 198 

HIV/AIDS, 614 

homeostasis, 4 

intervertebral dise problems, 214 
kyphosis, 166 

language area damage, 428 
liposuction, 63 
lordosis, 166 
lumbar puncture, 328 
lumbar puncture and spinal 

anesthesia, 375 
lung eaneer, 638 
lymphatie vessels and metastatie 

eaneer, 617 
lymphoma, 619 

mieroeephaly and hydrocephalus, 427 

multiple births, 752 

multiple selerosis, 397 

mumps, 659 

myasthenia gravis, 355 

myoeardial infaretion, 558 

nystagmus, 499 

osteoporosis, 125 

ovarian eaneer, 721 

pathology, 7 

peptie ulcers, 668 

periearditis, myoearditis, and 

endoearditis, 552 
peripheral neuropathies, 375 
plasma expanders, 539 
polyeythemia, 538 
radiologieal procedures, 20-21 
renal failure, 699 
respiratory distress syndrome, 642 
rigor mortis, 243 
seaphoid fractures, 184 
seoliosis, 166 
seborrheie dermatitis, 98 
sensory nerve testing, 372 
sexual dysfunction following spinal 

eord injury, 465 
shoulder injuries, 219 
siekle eell disease, 538 
skeletal disorders, 126 
skeletal examination, 127 
skin eaneer, 94 
skin injuries, 101 
spina bifida, 161 
spinal eord injuries, 366, 465 


sports injuries, 294 

sports injuries in women, 199 

subdural hematoma, 411 

sympathetie function disorders, 459 

teratogens, 744 

testicular eaneer, 716 

tie douloureux, 438 

tonsillitis, 611 

traeheal bloekage, 638 

transfusions, 539 

traumatic brain injury, 411 

urinary bladder dysfunction following 

spinal eord injury, 465 
urinary traet infeetions, 703 
uterine fibroids and eaneers, 729 
venipuncture, 331 
Clinoid proeess, sphenoid, anterior/ 

posterior, 144, 148 
eiitoris, 13, 730 
Cloaca, 782 
Cloacal folds, 785 
Cloacal membrane, 785 
Closed fracture, 122 
Closed reduction, 130 
Oostridiiim diffieile, 650, 686 
Clotting reaetion, 529 
Club hair, 96 

CNS. See Central nervous system (CNS) 
Coccygeal cornua, 165 
Coccygeal fracture, 157 
Coccygeal ligament, 361 
Coccygeal vertebrae, 165 
Coccygeus, 277 
Coccyx, 165, 166, 216 
Cochlea, 485-486, 488 
Cochlear duct, 482-483, 485 
Cochlear nerve, 439, 487, 490 
Cochlear nuclei, 439, 490 
Cold sore, 106 
Colic flexure, right/left, 674 
Collagen fibers, 62-63 
Collateral ligament 
fibular, 225 
radial, 221 
tibial, 225 
ulnar, 221 

Collateral ganglia, 450, 451, 457 
Collaterals 
arterial, 572 
axon, 348 

Collecting ducts, 690, 694, 697 

Collecting system, 690, 694, 697 

Colles fracture, 123 

Colliculus, inferior/superior, 415, 416 

Colloid, 512 

Colon, 672-674 

Colonoscopy, 665 

Colony-stimulating faetors (CSFs), 541 
Columnar epithelium, 54, 56 
Columns 

definition, 341, 354 
vertebral. See Vertebral column 
white matter, anterior/lateral/ 

posterior, 364 
Comedo, 106 

Comminuted fracture, 123 
Commissural fibers, 429 
Common earotid artery, left/right, 579 
Common hepatie duct, 678 
Communicating artery, 582 
Compact bone, 68, 70, 109-112, 115 
Comparative anatomy, 2, 4 
Compartments 

lower limb, 319-321 
upper limb, 301-302 
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Compartment syndrome, 319 
Compatibility, blood types, 534 
Compound alveolar gland, 59 
Compound (open) fracture, 122 
Compound glands, 58, 59 
Compound tubuloalveolar gland, 59 
Compression fracture, 122 
Computerized axial tomography (CAT). 

See CT seans 

Concentration gradient, 32 
Concentric lamellae, 110 
Conception (fertilization), 708, 724, 

740-741 
Conchal erest, 152 
Concussion, 411 
Conducting eells, 559 
Conducting system, heart, 560 
Conductive hearing loss, 487 
Condylar joints, 209 
Condylar proeess, mandible, 145, 153 
Condyle, 124 

femur, medial/lateral, 193 
humerus, 177 
oeeipital, 140, 143 
tibia, medial/lateral, 193 
Cones, 498 

Confluence of sinuses, 592 
Congenital heart defeets, 598 
Congenital malformations, 742 
Congenital thymie aplasia, 623 
Conjunctiva, 491 
Conjunctivitis, 493 
Connecting tubule, 690, 694 
Connective tissue, 59-73 
elassifieation, 59, 61 
dense, 65, 66, 80 
embryonie origins, 72, 80 
faseia, 73 
fibers, 62-63 
fluid, 61, 65, 80 
functions, 51, 61 
loose, 63-65, 80 

supporting. See Supporting eonneetive 

tissues 

Connective tissue proper, 61-65 
Connexons, 42 
Conoid tubercle, elaviele, 174 
Consensual light reflex, 444, 465 
Continuous ambulatory peritoneal 

dialysis, 699 

Continuous eapillaries, 571, 572, 573 
Contractility, of muscle tissue, 236 
Contraction, muscle, 243-247 
Contracture, 324 
Conus arteriosus, 554 
Conus medullaris, 361 
Convergence, 353 
Convergent muscle, 250, 251 
Coombs test, 623 
Coraco-acromial ligament, 217 
Coracobrachialis, 290 
Coracoclavicular ligament, 217 
Coracohumeral ligament, 217 
Coracoid proeess, scapula, 174 
Cordotomy, 386 
Cornea, 492 
Corneal abrasions, 493 
Corneal reflex, 444 

Corneoscleral junction (eorneal limbus), 

496 

Corniculate eartilage, 631 

Cornified (keratinized) epithelium, 53, 90 

Cornua 

eoeeygeal, 165 
saeral, 164 


Coronal plane, 18 
Coronal suture, 140 
Corona radiata, 724, 740 
Coronary arteries, 555, 558-559 
Coronary artery bypass graft (CABG), 558 
Coronary artery disease (CAD), 558, 569 
Coronary circulation, 555, 557, 559 
Coronary ligament, 677 
Coronary sinus, 553, 559 
Coronary sulcus, 550 
Coronary veins, 553, 559 
Coronoid fossa, humerus, 177 
Coronoid proeess 
mandible, 145, 153 
ulna, 177 

Corpora eavernosa, 719 
Corpora quadrigemina, 415 
Corpus albieans, 723, 724 
Corpus callosum, 429 
Corpus luteum, 521, 723, 724 
Corpus spongiosum, 719 
Corrugator supercilii, 264 
Cortex 

adrenal gland. See Adrenal 

(suprarenal) gland 
brain, 406 
eerebellar, 422 
hair, 96 

lymph node, 612 
renal, 689 

Cortical nephrons, 690. See also Nephron 
Cortical radiate artery, 690 
Cortical radiate vein, 690 
Corticobulbar traets, 394, 395 
Corticospinal traets, anterior/lateral, 391, 

394-396 
Corticosteroids, 516 
Corticosterone, 516 
Corticotropes, 508 
Cortisol, 508 
Cortisone, 508 
Costae (ribs), 216 
Costal breathing, 643 
Costal eartilage, 167, 216 
Costal faeets, vertebrae, 162 
Costal groove, rib, 168 
Costal proeess, vertebrae, 161 
Costal surface, lung, 633 
Costal tuberosity, elaviele, 174 
Costoclavicular ligament, 216 
Cough, 624, 649 
Coughing reflex, 465 
Cowper’s (bulbo-uretheral) glands), 

716, 717 

Coxal (hip) bones, 184, 185, 228 
Cradle eap, 98 
Cranial/cranium, 15, 17 
Cranial bones. See Skull 
Cranial eavity, 140 

Cranial dura, periosteal/meningeal, 408 
Cranial fossae, anterior/middle/posterior, 

149, 151 

Cranial meninges, 361, 406, 408, 

409, 410 
Cranial nerves 

abducens (N VI), 265, 433, 438, 442 
aeeessory (N XI), 270, 289, 433, 441, 

442 

elassifieation, 434 

faeial (N VII), 264, 270, 433, 438- 

439, 442, 479 

glossopharyngeal (N IX), 433, 440, 

442,479 

hypoglossal (N XII), 267, 270, 

433, 442 


oculomotor (N III), 265, 433, 

436, 442 

olfaetory (N I), 433, 434, 442, 477 
optie (N II), 433, 435, 442 
origins, 433 
overview, 434 

skull foramina/fissures used by, 

142, 433 

trigeminal (N V), 267, 270, 433, 

437, 442 

troehlear (N IV), 265, 433, 

436, 442 

vagus (N X), 268, 433, 440-441, 

442,479 

vestibulocochlear (N VIII), 433, 

439, 442 

Cranial reflexes, 381, 444 
Cranial vault (ealvaria), 140 
Craniosacral division, autonomic nervous 

system. See Parasympathetie 
(eraniosaeral) division, 
autonomic nervous system 
Craniotomy, 171 

Cranium, 133, 143-146, 408. See also 

Skull 

Cremasteric reflex, 710 
Cremaster, 710 
Crest, 124 

femur, intertroehanterie, 193 
frontal, 143, 145 
iliae, 185 

oeeipital, 140, 143 
palatine bone 

eonehal/ethmoidal, 153 
nasal, 152 
pubic, 185 

rib, interarticular, 168 
saeral, lateral/median, 164 
Creutzfeldt-Jakob disease (CJD), 448 
Cribriform foramina, ethmoid, 142, 

144, 149 

Cribriform plate, ethmoid, 149 
Cricoid eartilage, 325, 509, 630 
Cricothyroid ligament, 325 
Cristae, mitoehondria, 37 
Crista galli, 144, 149 
Crohn disease, 686 
Cross-bridges, 241 
Cross-reaction, 534 
Cross-sectional anatomy, 4, 24, 334 
body eavities, 18-19 
brain, 334, 335, 420 
eye, 494-495 
heart, 547, 552, 553 
kidney, 337, 689, 691 
level of optie ehiasm, 334 
level of vertebra C 2 , 335 
level of vertebra L 5 , 337 
level of vertebra T 2 , 335 
level of vertebra T g , 336, 547 
level of vertebra T 10 , 336 
level of vertebra T 12 , 337 
liver, 337, 676 
lower limb, 320 
planes and seetions, 18, 19 
skull, 138-139 
spinal eord, 365 
terminology, 18-19 
upper limb, 303 
urinary system, 689 
Crown, tooth, 659 
Crude touch reeeptors, 474 
Crural/crus, 15, 16 
Crural interosseous membrane, 193 
C (elear) thyroeytes, 514-515 


CT seans 

prineiples, 20 
spiral, 21 

urinary system, 698 
Cubital tunnel syndrome, 324 
Cubital vein, median, 331, 593 
Cuboidal epithelium, 54, 5 5 
Cuboid, 196 

Cuneate fasciculus, 388, 389 
Cuneate nucleus, 413, 414 
Cuneiform bones, 196 
Cuneiform eartilage, 631 
Cushing disease, 522, 523 
Cusp, tooth, 659 
Cuspids (eanines), 659 
Cusps, ventriele, 554 
Cutaneous membrane, 71, 72, 87, 88. 

See also Skin 
Cutaneous plexus, 93 
Cuticle 
hair, 98 
nail, 102 
Cyanosis, 91 
Cystic duct, 678 
Cystic fibrosis (CF), 627 
Cystic vein, 596 
Cystitis, 703 
Cystocele, 706 
Cytokinesis, 45, 741 
Cytology, 2 
Cytoplasm, 31 

eytosol, 29, 30, 31, 34 
membranous organelles. See 

Membranous organelles 
nonmembranous organelles. See 

Nonmembranous organelles 
Cytoskeleton, 29, 34-35 
Cytosol, 29, 30, 31, 34 
Cytotoxic T eells, 608, 609 
Cytotrophoblast, 743 


D 

Dandmff, 98 
Dartos muscle, 710 
Daughter ehromosomes, 45 
Decidua basalis (basal decidua), 746 
Decidua capsularis (capsular decidua), 746 
Decidua parietalis (parietal decidua), 

746 

Deciduous teeth, 659, 660 
Deeompression siekness, 360, 385 
Decussate, 388 
Deep, 17 

Deep artery, penis, 719 

Deep braehial artery, 582 

Deep breathing, 643 

Deep faseia, 73, 301 

Deep femoral artery, 587 

Deep femoral vein, 594 

Deep lymphaties, 607 

Deep vein thrombosis (DVT), 602 

Defeeation, 465, 651, 675 

Defeeation reflex, 675 

Deferential artery, 708 

Deglutition, 632, 661 

Delayed-onset muscle soreness, 242 

Delirium, 448 

Delivery, 754, 755 

Delta eells, panereas, 520, 521 

Deltoid ligament, 228 

Deltoid, 177, 250, 290 

Deltoid tuberosity, humerus, 177 

Dementia, 443 

Demyelination, 338, 359 

Dendrites, 76, 340, 342 



lndex 


835 



Dendritie eells (Langerhans eells), 88, 89, 

102, 612 

Dendritie spines, 340 
Dens, 162 

Dense eonneetive tissue, 63, 66, 80 

Dense irregiilar eonneetive tissue, 65, 66 

Dense regular eonneetive tissue, 65, 66 

Dental areade, 659 

Dental artery, 659 

Dental nerve, 659 

Dental vein, 659 

Dentate gyrus, 431 

Denticulate ligaments, 364 

Dentine (dentin), 659 

Depression, 210, 211 

Depressor anguli oris, 264 

Depressor labii inferioris, 264 

Dermal (membrane) bones, 115 

Dermal (intramembranous) ossifieation, 

113,115 
Dermal papillae, 91 
Dermal ridges, 91 
Dermatitis, 98 
Dermatology, 106 
Dermatomes, 366, 367, 368 
Dermatomyositis, 623 
Dermis, 92-94 
aging and, 103 
blood supply, 93-94 
development, 756 
functions, 8 
layers, 87, 88, 93, 94 
nerve supply, 94 
streteh marks, 92 
structure, 66 
tension lines, 93, 94 
wrinkles, 92 

Deseending aorta, 554, 585 
Deseending eolon, 674 
Deseending limb, nephron loop, 694 
Deseending (motor) traets 

autonomic nervous system, 395 
eentral nervous system, 395 
eortieospinal traets, 391, 394-396 
organization, 391 
overview, 366, 391 
somatie motor eontrol, 394-396 
subconscious, 396-398 
Deseent, testes, 708, 710 
Desmopressin aeetate (DDAVP), 509 
Desmosome, 42, 89 
Detmsor, 701 
Development 

appendicular skeleton, 762-763 
bone, 113-118 
brain, 404, 769-770 
cardiovascular system, 751, 775-776 
eonneetive tissues, 80 
definition, 740 

digestive system, 656, 751, 781-782 
ears, 772 
embryonie, 740 

endoerine system, 751, 773-774 

epithelia, 79 

eyes, 771 

fetal, 740 

heart, 775 

integumentary system, 750, 756-757 

lymphatie system, 778 

muscles, 750, 764-765 

nervous system, 750, 766 

organ systems, 81 

overview, 740 

postnatal, 740 

pre-embryonie, 740-741 


prenatal, 78-80, 740, 742-751 
reproductive system, 751, 785-787 
respiratory system, 751, 779-780 
skeletal system, 750 
skull, 758-759 

speeial sense organs, 750, 771-772 
spinal eord, 760-761, 767-768 
urinary system, 751, 783-784 
vertebral column, 760-761 
vision, 771 

Developmental anatomy, 2 
Developmental dysplasia of the hip, 198 
Deviated nasal septum, 171 
Diabetes insipidus, 509, 522 
Diabetes mellitus, 520, 522 
Diagnosis, 4 
Dialysis, 699 
Diapedesis, 534 
Diaphragm, 18, 275, 276 
Diaphragma sellae, 409, 508 
Diaphragmatie (deep) breathing, 643 
Diaphragmatie hernia, 281 
Diaphragmatie surface 
heart, 550 
spleen, 618 
Diaphysis, 112 

Diarthrosis, 204, 205. See also Synovial 

joints 

Diastole, 559, 561 
Dieneephalon 

development, 404, 405, 769 
epithalamus, 404, 417 
functions, 404-405 
gross anatomy, 417, 421 
hypothalamus. See Hypothalamus 
thalamus. See Thalamus 
Differential count, white blood eells, 534 
Differentiation, 7, 740 
Diffuse lymphatie tissue, 610 
Diffusion, 32 
Digastrie, 269, 270 
Digestion, 14 

Digestive materials, movement, 652-654 
Digestive system 

aeeessory organs, 675-681 
aging and, 682 

development, 656, 751, 781-782 
esophagus. See Esophagus 
functions, 651 

gallbladder, 12, 652, 678-679, 680 
histologieal organization, 651-652, 653 
large intestine. See Large intestine 

(large bowel) 
liver. See Liver 

muscular layers and movement of 

digestive materials, 652-655 
oral eavity. See Oral eavity 
overview, 7, 12, 651, 652 
panereas. See Panereas 
peritoneum, 19, 71, 654-655 
pharynx. See Pharynx 
salivary glands, 12, 60, 154, 652, 

658-659 

small intestine. See Small intestine 
stomaeh. See Stomaeh 
teeth, 659-660 
tongue, 267, 657 
Digestive traet, 651 
Digital artery, 582 

Digital subtraction angiography (DSA), 

21, 558 

Digital vein, 593 
Digitoearpal ligaments, 221 
Digits/digital, 15 
Dilation stage, labor, 752, 754 


Dilator pupillae, 496 
Diploé, 121 

Direet inguinal hernia, 281 
Direetions, anatomieal, 16-17 
Direet light reflex, 451, 465 
Disease, 4 

Disloeation, 206, 219 
Displaeed fraetme, 122 
Distal, 17 

Distal convoluted tubule (DCT), 690, 

694, 695, 697 
Disuse atrophy, 324 
Divergenee, 353 
Dizygotie twins, 752 
DNA polymerase, 44 
DNA replieation, 43-44 
Dorsal, 17 
Dorsal/dorsum, 15 
Dorsal aorta, 776 
Dorsal areh, 587 

Dorsal (posterior) columns, 388-389, 

392-393 

Dorsal interosseous muscles 
foot, 315, 316 
hand, 298 

Dorsalis pedis artery, 587 
Dorsal mesentery, 781 
Dorsal ramus, 367 

Dorsal respiratory group (DRG), 643 
Dorsal root, 361 
Dorsal root ganglia, 361 
Dorsal venous areh, 594 
Dorsiflexion, 207, 211 
Dorsum 
nose, 627 
tongue, 657 
Dorsum sellae, 149 

Dual energy x-ray absorptiometry (DEXA), 

127 

Dual innervation, 462-463 
Duct, epithelial, 55 

Duct of Santorini (aeeessory panereatie 

duct), 680 

Ductus arteriosus, 598, 777 

Ductus deferens (vas deferens), 13, 708, 716 

Ductus venosus, 597, 776 

Duodenal ampulla, 672 

Duodenal papilla, 672 

Duodenal submucosal glands, 672 

Duodenal ulcer, 668 

Duodenojejunal flexure, 669 

Duodenum, 669, 671, 672 

Dural sinuses, 408 

Dura mater, 361, 408 

Dysautonomia, 466 

Dyserasia, 544 

Dyslexia, 428 

Dysmenorrhea, 727 

Dysplasia, 48 

Dyspnea, 649 

Dysmia, 703 

E 

Ear. See also Hearing 
development, 772 
external, 480 
internal, 482-485 
middle, 480-482 

Ear bones (auditory ossieles), 143, 145, 

148, 481, 482 
Eardmm, 147, 480, 481 
Earwax (eemmen), 102, 480 
Ebola vims disease, 603, 623 
Eeerine seeretion, 58, 60 
Eeerine sweat glands, 99-100 


Eehogram, 21 

Eelampsia, 790 

Eetoderm, 78, 744, 746 

Eezema, 106, 623 

Effeetors, 339, 341 

Efferent arterioles, 690 

Efferent division, peripheral nervous 

system, 339 

Efferent ductules, testes, 711 

Efferent fibers, 350 

Effusion, 85 

Eieosanoids, 508 

Ejaculate (semen), 719 

Ejaculation, 465, 719 

Ejaculatory duct, 716 

Elastie artery, 568-569, 571 

Elastie eartilage, 67, 68, 69 

Elastie fibers, 63 

Elastieity, of muscle tissue, 236 

Elastie ligaments, 65, 66 

Elastie membrane, internal/external, 

568, 570 
Elastie tissue, 65, 66 
Elastin, 63 
Elbow joint 

bones, 177, 180 
ligaments, 219 
movements, 225 
muscles, 292-294 
structure, 219-221, 225 
Eleetrieal synapses, 352-353 
Eleetroeardiogram (ECG), 558 
Eleetron mieroseopy, 2, 3 
Elevation, 210, 211 
Ellipsoidal (eondylar) joints, 209 
Embryo, 746 
Embryogenesis, 742, 746 
Embryology, 2, 740. See also Development 
Embryology summaries 

appendicular skeleton, 762-763 
brain, 769-770 

cardiovascular system, 776-777 
eonneetive tissues, 80 
digestive system, 781-782 
endoerine system, 773-774 
epithelia, 79 
germ layers, 78 
heart, 775 

integumentary system, 756-757 
lymphatie system, 778 
muscles, 764-765 
nervous system, 766 
organ systems, 81 
reproductive system, 785-787 
respiratory system, 779-780 
skull, 758-759 

speeial sense organs, 771-772 
spinal eord, 760-761, 767-768 
tissues, 78 

urinary system, 783-784 
vertebral column, 760-761 
Embryonie eonneetive tissue, 72, 80 
Embryonie development, 740. See also 

Development 
Embryonie dise, 745 
Embryonie membranes, 747 
Embryonie shield, 81 
Emission, seminal fluid, 465, 719 
Emphysema, 641 
Enamel, 659 

Encapsulated reeeptors, 474 
Endoearditis, 552 
Endocardium, 548 
Endoehondral ossifieation, 113-114, 

116-117 
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Endoerine panereas, 18. See also Panereas 
Endoerine system. See also speeifie glands 

and hormones 
aging and, 524 
development, 751, 773-774 
disorders, 522-523 
gland eharaeteristies, 56 
gland development, 79 
overview, 7, 10, 507-508 
Endoeytosis, 33 
Endoderm, 78, 745, 746 
Endolymph, 482 
Endolymphatie duct, 485 
Endolymphatie sae, 485 
Endometrial eaneer, 729 
Endometriosis, 738 
Endometrium, 726 
Endomysmm, 236 
Endoneurium, 366 

Endoplasmie reticulum, 29, 39-40, 41 

Endoseopy, 665 

Endosteum, 112-113 

Endothelium, 53 

Endotraeheal tube, 649 

Endovascular repair, aortie aneurysm, 585 

Enlargements, spinal eord, 361 

Enterie nervous system (ENS), 450, 

465, 652 

Enteroendoerine eells, 666 
Enuresis, 706 
Enzymes, panereatie, 681 
Eosinophils, 29, 62, 63, 532, 535, 536 
Epaxial muscles, 765 
Ependyma, 343, 345 
Ependymal eells, 343, 344 
Ependymal layer, 766 
Epiblast, 744 

Epicardium (viseeral layer, pericardium), 

548 

Epieondyle 

femur, medial/lateral, 193 
humerus, medial/lateral, 177 
Epicranium (sealp), 262, 264 
Epidemiology, 26 
Epidermal ridges, 91 
Epidermis, 88-92 
aging and, 102 
blood supply, 93-94 
eell types, 88 
eolor, 91 

development, 756 
functions, 8 
layers, 87, 88-90 
pigment eontent, 91-92 
ridges, 91 
thiek skin, 91 
thin skin, 91 
Epididymis, 13, 714-716 
Epidural anesthesia, 375 
Epidural hematoma, 411 
Epidural spaee, 361 
Epigastrie artery, 711 
Epiglottis, 630-631 
Epimysium, 236 
Epinephrine (E), 457, 518, 522 
Epineurium, 366 

Epiphyseal eartilage (plate), 117, 118 
Epiphyseal closure, 113, 117 
Epiphyseal fracture, 123 
Epiphyseal line, 113, 117, 118 
Epiphyseal vessels, 114 
Epiphyses, 112 
Episiotomy, 754 
Epithalamus, 404, 417 
Epithelial columns, 756 


Epithelial reticular eells, 616 
Epithelial tissue, 50-59 
eharaeteristies, 50, 51 
eiliated, 52 
elassifieation, 53-55 
columnar, 54, 56 
cuboidal, 54, 55 
development, 79 
functions, 50, 51 
maintenanee of integrity, 52-53 
pseudostratified, 54, 57 
simple, 53 

speeialization, 50-52 
squamous, 53-54 
transitional, 54, 55, 57 
Epithelium, 50 
germinal, 721 

glandular. See Glandular epithelium 
intestinal, 671 
renal corpuscle, 692-693 
respiratory, 626-627 
Eponychium, 102 
Eponyms, 14 

Equilibrium, 483-485, 487, 772 
Erb’s palsy (braehial plexus birth palsy), 

375 

Ereetile tissue, penis, 719 

Ereetion, penis, 465, 719 

Ereetor spinae, 270, 271, 272 

Emption, tooth, 659 

Erythroeytes. See Red blood eells 

Erythropoiesis, 541 

Erythropoietin (EPO), 518, 541 

Esophageal artery, 585, 663 

Esophageal glands, 663 

Esophageal hiatus, 663 

Esophageal phase, swallowing, 661 

Esophageal plexus, 462 

Esophageal sphineter, upper/lower, 661 

Esophageal variees, 686 

Esophageal vein, 594 

Esophagitis, 662 

Esophagogastroduodenoscopy (EGD), 665 
Esophagus 

blood supply, 663 
functions, 12, 652 
gross anatomy, 661-663 
histology, 662, 663 
Estradiol, 521, 723 
Estrogens 

bone growth and, 118, 125 
functions, 724 
overproduction, 522 
seeretion, 521 
underproduction, 522 
Ethmoid (ethmoidal bone), 142, 144, 149 
Ethmoidal air eells, 154 
Ethmoidal erest, 153 
Ethmoidal labyrinth, 144, 149 
Etiology, 26 
Eunuchoidism, 522 
Eupnea, 643, 644 

Eustachian tube (auditory tube), 143, 

148, 480, 482 
Eversion, 207, 211 
Exchange transfusion, 539 
Excitability 

of muscle tissue, 236 
ofneural tissue, 350-351 
Excitatory interneurons, 350 
Excitotoxicity, 359 
Excretion, 7 

Excretory duct, seminal gland, 716 
Exercise toleranee, aging and, 253 
Exhalation, 644 


Exocrine glands 

elassifieation, 56, 58 
development, 79, 757 
functions, 55, 58, 87 
integumentary system, 96-100 
meehanisms of seeretion, 58 
structure, 56, 58 

Exocrine panereas, 518. See also Panereas 
Exocytosis, 33, 41 
Expressive aphasia, 428 
Expulsion stage, labor, 752, 754 
Extensibility, of muscle tissue, 236 
Extension, 207, 210, 216, 284 
Extensor, 253 

Extensor earpi radialis muscles, brevis/ 

longus, 253, 292, 294 
Extensor earpi ulnaris, 292, 294 
Extensor digiti minimi, 296 
Extensor digitomm muscles, brevis/ 

longus, 250, 296, 315, 316 
Extensor hallucis longus, 315 
Extensor indieis, 296 
Extensor pollieis muscles, brevis/longus, 

296 

Extensor retinaculum muscles, 296, 309 
External callus, bone, 123 
External ear, 480 

External elastie membrane, 568, 570 
External genitalia, 708 
female, 730-732, 787 
male, 708-719 
male vs. female, 787 
External os, uterus, 726 
External root sheath, hair folliele, 96 
External (lateral) rotation, 207, 211, 254 
Externus, 253 
Exteroceptors, 350, 473 
Extracapsular ligament, 206 
Extracellular fluid, 30 
Extra-embryonic membranes, 745 
Extraglomerular mesangial eells, 697 
Extra-ocular muscles, 264-265 
Extrinsic, 253 

Extrinsic ligament, larynx, 631 
Eye. See also Vision 

aeeessory structures, 491-492 
eross-seetional anatomy, 494-495 
development, 771 
fibrous layer, 495-496 
inner layer (retina), 496-498 
muscles, 264 
structure, 492, 494-499 
vascular layer, 496 
Eyelashes, 491 
Eyelids, 491 

F 

Faeet, 124 

atlas, inferior/superior articular, 162 
patella, medial/lateral, 193 
rib, inferior/superior articular, 168 
vertebra, 158 

Faeet (zygapophysial) joints, 212-213 
Faeial/faeies, 15 

Faeial bones, 140, 144-147, 150-154 
Faeial expression, muscles of, 262-264 
Faeial nerve (N VII), 264, 270, 433, 

438-439, 442, 479 
Faeial vein, 592 
Faeilitated diffusion, 32 
F-aetin, 242 
Fainting, 449, 470 
Faleiform ligament, 655, 677 
Fallopian tube (uterine tube), 13, 719, 

722, 724-725 


False pelvis, 185 
False ribs, 167 
False voeal eords, 631 
Falx eerebelli, 409 
Falx eerebri, 149, 408 
Faseia 

definition, 73 
renal, 688 
types, 73 
upper limb, 301 
Faseia adherens, 548 
Faseiele, 236, 237, 241 
Fasciculi (fasciculus), 366 
Fast-adapting reeeptors, 472 
Fast fibers, 248-249 
Fast pain, 473 
Fat pads 

knee joint, 225 
synovial joints, 205 
Fatty appendiees, eolon, 674 
Fauces, 657 

F eells, panereas, 520, 521 
Feeal transplant, 650, 686 
Feees, 651 
Feet. See Lower limb 
Female pronucleus, 740, 741 
Female reproductive system 
aging and, 733 
development, 751, 787 
external genitalia, 730-733 
hormonal eontrol, 729 
mammary glands, 730, 732-733 
organization, 708 
ovaries. See Ovaries 
overview, 13, 719-721 
pregnaney and, 732-733 
uterine eyele, 727-729 
uterine tubes, 13, 719, 722, 724-725 
uterus. See Uterus 
vagina, 13, 730, 731 
Femoral/femur, 15, 16 
Femoral artery, 332, 587 
Femoral circumflex vein, 594 
Femoral cutaneous nerve, lateral/ 

posterior, 376, 377 
Femoral nerve, 304, 376 
Femoral vein, 594 
Femur, 111-112, 190-193, 228 
Fenestrated eapillaries, 571, 572, 573, 693 
Fertilization, 708, 724, 740-741 
Fetal aleohol syndrome (FAS), 744 
Fetal development, 740. See also 

Development 
Fetal distress, 755 
Fetus 

cardiovascular ehanges at birth, 

597-598, 755 
development, 740 

respiratory ehanges at birth, 643, 755 
skeletal development, 114, 115-116 
transition to neonate, 755 
Fibrin, 101, 531 
Fibrinogen, 531 
Fibroblasts, 61, 62 
Fibroeytes, 61, 62 
Fibroids, 729 
Fibromyalgia, 238 
Fibrosareoma, 77 
Fibrosis, 253 

Fibrous capsule, kidneys, 688 
Fibrous eartilage, 67, 69 
Fibrous joints, 205 
Fibrous layer 

perichondrium, 67 
periosteum, 113 
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Fibrous layer, eye, 495-496 
Fibrous pericardium, 548 
Fibula, 193-196, 228 
Fibular artery, 587 

Fibularis muscles, brevis/longus, 309, 315 

Fibular eollateral ligament, 225 

Fibular nerve, 377 

Fibulotalar joint, 228 

“Fight or flight” system. See Sympathetie 

(thoracolumbar) division, 
autonomic nervous system 
Filiform papillae, 478 
Filtrate, glomemlar, 690, 696 
Filtration slits, 693 
Filum terminale, 361 
Fimbriae, uterine tube, 724 
Fine touch reeeptors, 474 
Fingers 

bones, 182-183 
muscles, 296-300 
First-elass lever, 254 
First-order neuron, 389, 390 
First trimester 

eleavage and blastoeyst formation, 

742-743 



definition, 742 
embryogenesis, 746 
implantation, 743-745 
overview, 742, 749 
plaeentation, 745-746 
Fissure 

cerebellum, 422 
eerebmm, 406, 424 
lung, 633 
Fissure, 124 

orbital, inferior/superior, 142, 144, 

149, 150 
Fixator, muscle, 252 
Fixed maerophages, 61, 62, 536 
Fixed (attaehed) ribosomes, 36, 37 
Flagella (flagellum), 35, 714 
Flat bones, 121 
Flexion, 207, 210, 216, 284 
Flexor, 253 

Flexor earpi radialis muscles, brevis/ 

longus, 292, 294 
Flexor earpi ulnaris, 292, 294 
Flexor digiti minimi brevis, 315, 316 
Flexor digitomm muscles, brevis/longus, 

315, 316 

Flexor digitomm muscles, profundus/ 

superficialis, 296 

Flexor hallucis muscles, brevis/longus, 

315, 316 

Flexor pollieis muscles, brevis/longus, 

296 

Flexor retinaculum, 296 
Flexures, 769 
Floating ribs, 168 
Flocculonodular lobes, 422 
Fluid eonneetive tissues, 61, 65, 80 
Folia, cerebellum, 422 
Folie aeid, 161 
Folliele eavity, 512 

Follieles, ovarian, 521, 721, 723-724 
Follicle-stimulating hormone (FSH), 508, 

512 

Folliailar eells (T thyroeytes), 512, 514 

Folliailar fluid, 723 

Follicular phase, ovarian eyele, 729 

Folliculitis, 98 

Fontanelles, 156, 157 

Foot 

arehes, 197 
bones, 196-197 


joints, 228-231 
muscles, 315-318 
surface anatomy, 333 
Foramen, 124. See also Noteh 
apieal, 659 

ethmoid, eribriform, 142, 144, 149 
frontal bone, supra-orbital, 140, 

142, 143 

hip bones, obturator, 185 
mandible 

mandibular, 142, 145, 154 
mental, 142, 145 

maxilla, infra-orbital, 142, 144, 150 
nutrient, 114 
oeeipital bone 

foramen magnum, 140, 142 
jugular, 140, 142, 143 
palatine, greater and lesser, 144 
saemm, 164 
skull, overview, 142 
sphenoid 

foramen ovale, 142, 144, 148 
foramen rotundum, 142, 144, 148 
foramen spinosmn, 142, 144, 148 
temporal bone 

mastoid, 142, 143, 148 
stylomastoid, 142, 143, 148 
vertebral areh, 158 
vertebral articulation, intervertebral, 

158 

zygomatie bone, zygomatieofaeial, 142, 

153 

Foramen laeemm, 142, 143, 148 
Foramen of Monro (interventricular 

foramen), 406 

Foramen ovale, 554, 598, 775, 777 
Forearm. See Upper limb 
Foregut, 781 
Foreskin (prepuce), 719 
Formed elements, blood, 529, 530, 532 
platelets, 65, 67, 529, 532, 536-537 
red blood eells. See Red blood eells 
white blood eells. See White blood eells 
Forming faee, 41 
Fornix 

eerebmm, 432 
eye, 492 
vagina, 730 
Fossa, 124 

eranial, anterior/middle/posterior, 

149, 151 

femur, intereondylar, 193 
frontal bone, laerimal, 143, 145 
hip bones, iliae, 185 
humerus 

eoronoid, 177 
oleeranon, 177 
radial, 177 
maxilla, ineisive, 150 
pelvie girdle, acetabular, 185 
scapula 

glenoid, 174 
infraspinous, 177 
subscapular, 174 
supraspinous, 177 
sphenoid, hypophysial, 148 
temporal bone 
jugular, 148 
mandibular, 143, 147 
Fossa ovalis, 554, 598, 775 
Fourth ventriele, of brain, 406 
Fovea 

femur, 190 
retina, 498 
Fovea eentralis, 498 


Fraetionated blood, 529 
Fracture 

acetabular, 172, 202 
eoeeygeal, 157 
Colles, 123 
comminuted, 123 
eompression, 122 
definition, 112, 120 
displaeed, 122 
epiphyseal, 123 
greenstiek, 123 
hip, 228 
Pott’s, 123, 229 
repair, 122-123 
seaphoid, 184 
skull, 131, 171 
spiral, 122 
stress, 199 
transverse, 122 
types, 122-123 

Freely permeable membrane, 30 

Free maerophages, 62, 536 

Free nerve endings, 472, 475 

Free ribosomes, 36, 37 

Frenulum, tongue, 657 

Frontal/frons, 15 

Frontal bone, 142, 143, 145, 146 

Frontal erest, frontal bone, 143, 145 

Frontal eminenee, frontal bone, 14 5 

Frontal lobe, 424, 426 

Frontal plane, 18 

Frontal proeess, maxilla, 150 

Frontal sinuses, 143, 145, 154 

Frontal suture, frontal bone, 143, 145 

Frontonasal suture, 140 

Frontotemporal dementia, 443 

Frostbite, 106 

Fulcrum, 253, 254 

Functional layer, uterus, 727 

Functional syncytium, 548 

Fundus 

gallbladder, 678 
stomaeh, 663, 664, 665 
uterus, 725 

Fungiform papillae, 478 
Funnybone, 177 
Furuncle, 98 

o 

G-aetin, 242 

Gallbladder, 12, 652, 678-679, 680 
Gamete intrafallopian transfer (GIFT), 790 
Gametes, 708 

Ganglion (ganglia), 341, 343, 354, 450, 

452 

Ganglion eells, retina, 498 

Ganglionie neurons, 454-455 

Gangrene, 106 

Gap junctions, 42, 43 

Gastreetomy, 686 

Gastrie area, spleen, 618 

Gastrie artery, left/right, 587, 663 

Gastrie folds, 663, 665 

Gastrie glands, 666, 667 

Gastrie juice, 666 

Gastrie lipase, 668 

Gastrie pits, 666 

Gastrie reflex, 465 

Gastrie ulcer, 668 

Gastrie vein, 596, 663 

Gastrin, 666 

Gastritis, 668 

Gastrocnemius, 309, 315 

Gastroduodenal artery, 663 

Gastroepiploie artery, left/right, 663 


Gastroepiploie vein, 663 
Gastroesophageal reflux disease (GERD), 

662 

Gastrosplenie ligament, 618 
Gastmlation, 744, 745 
Gated ehannels, 30 
G eells, 666 

Gelatinous eonneetive tissue (mucoid 

eonneetive tissue), 72 
Gemelli muscles, 306 
Gender differenees. See Sex differenees 
General senses 

ehemoreeeptors, 476 
meehanoreeeptors, 474-476 
noeieeptors, 473 
overview, 472, 473 
thermoreeeptors, 474 
Genicular artery, deseending, 587 
Geniculate ganglion, 439 
Genioglossus, 253, 267 
Geniohyoid, 269, 270 
Genital herpes, 738 
Genital ridges, 785 
Genital swelling, 785 
Genital tubercle, 785, 786 
Genitofemoral nerves, 376, 708 
Genu valgum, 202 
Germ eells (sex eells), 28 
Germinal eenter, 610 
Germinal epithelium, 721 
Germ layers, 78, 744, 746 
Gestation, 742 
Gigantism, 126, 522 

Gill (pharyngeal) arehes, 4, 629, 758, 773 
Gingivae, 657 
Gingival sulcus, 659 
Gingivitis, 659, 682 
Girdles, 173 
Gland eells, 50 
Glands. See also speeifie glands 
aging and, 103 
meehanisms of seeretion, 60 
skin, 96-100 
structure, 56, 58 
types of seeretion, 55-56 
Glandular epithelium 
functions, 50, 55-56 
meehanisms of seeretion, 60 
structure, 56, 58 
types of seeretion, 55-56 
Glans penis, 719 
Glasgow eoma seale, 448 
Glassy membrane, hair folliele, 96 
Glaucoma, 493 

Glenohumeral joint. See Shoulder 

(glenohumeral) joint 
Glenohumeral ligaments, 217 
Glenoid fossa, scapula, 174 
Glenoid labmm, 217 
Glial eells. See Neuroglia 
Gliding (plane) joints, 209 
Gliding motion, 208 
Glioma, 77 
Global aphasia, 428 
Globulins, 531 

Globus pallidus, 429, 430, 431 
Glomemlar capsule, 692, 696 
Glomemlar epithelium, 693 
Glomemlar filtrate, 690, 696 
Glomerulus, 690 

Glossopharyngeal nerve (N IX), 433, 440, 

442, 479 
Glottis, 630 
Glucagon, 520 

Glucocorticoids (GCs), 508, 516, 522 
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Glucosamine, 73 

Gluteal/gluteus, 15, 16 

Gluteal lines, hip bones, 185 

Gluteal muscles, 185, 304-305 

Gluteal nerve, superior/inferior, 304, 377 

Gluteal tuberosity, femur, 193 

Gluteal vein, 594 

Gluteus maximus, 193, 304 

Gluteus medius, 304, 305 

Gluteus minimus, 304, 305 

Glycocalyx, 30 

Glyeolipids, 30 

Glyeolysis, 249 

Glyeosaminoglyeans, 42 

Glycosuria, 520 

Goblet eells, 56 

Goiter, 523 

Golgi apparatus (Golgi complex), 29, 

40, 41 

Golgi tendon organs, 476 
Gomphosis, 204, 205, 659 
Gonadal arteries. See Ovarian artery; 

Testicular artery 

Gonadal veins. See Ovarian vein; 

Testicular vein 
Gonadotropes, 508 
Gonadotropin-releasing hormone 

(GnRH), 724 
Gonadotropins, 508 
Gonads, 708. See also Ovaries; Testes 
Gonorrhea, 738 
Goose bumps, 96 
G 0 phase, 43 
G^ phase, 43 
G 2 phase, 44 

Graeile fasciculus, 388, 389 
Graeile nucleus, 413, 414 
Graeilis, 304, 306 

Granular leukocytes (granulocytes), 532, 

534, 535-536 
Granulation tissue, 101 
Granulosa eells, 721, 723 
Gray commissures, 364 
Gray horns, anterior/lateral/posterior, 364 
Gray matter 

cerebellum, 422 
eharaeteristies, 341, 343, 348 
medulla oblongata, 414 
meseneephalon, 416 
organization, 406 
pons, 415 
spinal eord, 364 

Gray ramus eomnmnieantes, 367, 454 
Great auricular nerve, 370 
Great eardiae vein, 559 
Great eerebral vein, 592 
Greater curvature, stomaeh, 664 
Greater horns, hyoid bone, 145, 156 
Greater omentum, 655, 664 
Greater palatine groove, 150 
Greater pelvis, 185 
Greater troehanter, 190 
Greater tubercle, humerus, 177 
Greater wings, sphenoid, 148 
Great saphenous vein, 594 
Greenstiek fracture, 123 
Groin, pulled, 304 
Groove 

hip bones, obturator, 185 
humerus, radial, 177 
laerimal bones, laerimal, 142, 153 
maxilla 

infra-orbital, 150 
nasolaerimal, 144 
palatine, greater, 150 


rib, eostal, 168 
sphenoid, optie, 148 
Groove, nail, 102 
Gross anatomy, 2 
Ground substance, 59, 63 
Growth hormone (GH), 118, 509, 512, 522 
Growth-inhibiting hormone 

(somatostatin), 520 
Gubernaculum testis, 708 
Guillain-Barré syndrome, 338, 359 
Gustation (taste), 478-479, 771 
Gustatory cortex, 425 
Gustatory epithelial eells, 478-479 
Gustatory pathways, 479 
Gyneeology, 738 
Gyneeomastia, 522, 738 
Gyri, eerebmm, 406, 425 

H 

Hair, 95-96. See also Hair follieles 
Hair bulb, 96 
Hair eells, 483, 484 
Hair follieles, 95 
aging and, 103 
development, 757 
functions, 8, 87 
structure, 95, 96, 97 
Hair growth eyele, 96, 98 
Hair matrix, 96 
Hair papilla, 96 
Hair root, 96 
Hallux, 15, 197 
Hamate, 182 

Hamstrings, 282, 307, 324 
Hand 

bones, 182-183 
joints, 221-222 
muscles, 289-300, 296 
nerves, 372 
Haploid, 712 
Hard keratin, 96 
Hard palate, 627, 657 
Hashimoto’s disease, 527 
Haustra, 672 
Haustral churning, 675 
Haversian (eentral) eanal, 110 
Haversian system (osteon), 110-111 
H band, 241, 244 
Head 

epididymis, 715 
panereas, 680 
sperm, 714 
Head [body region] 
arteries, 582-583 
bones. See Skull 

eross-seetional anatomy, 334, 335 
lymphatie drainage, 613 
muscles, 262-269 
nerves, 370 

respiratory structures, 627-629 
surface anatomy, 326-327 
veins, 590, 592 
Head, 124 
femur, 190 
fibula, 193 
humerus, 177 
mandible, 153 
radius, 177 
rib, 168 
ulna, 177 
Head fold, 746 
Hearing. See also Ear 

auditory pathways, 487, 490 
eoehlea, 485-486 
development, 772 


loss, 487 

sound deteetion, 486-487 
Heart 

age-related ehanges, 598 
blood vessels, 555, 557, 559 
borders, 550 

eross-seetional anatomy, 547, 552, 553 
development, 775 
endoerine functions, 518 
functions, 10 

hormones produced by, 507 
internal anatomy, 553-555 
orientation, 550 
position, 547, 550 
superficial anatomy, 550-551 
valves, 555, 556 

wall structure, 548-550. See also 

Cardiac muscle tissue 
Heart murmur, 554 
Heart rate, 562 
Heart sounds, 328 
Heberden’s nodes, 234 
Heel bone (calcaneus), 196 
Heimlieh maneuver, 638 
Helieal CT sean, 21 
Helieobaeter pylori, 668 
Helper T eells, 608 
Hematoerit, 531 
Hematology, 544 
Hematoma, 411 

Hematopoietie stem eells, 539-540 
Heme, 533 

Hemi-azygos vein, 594 
Hemidesmosomes, 42, 43 
Hemiparesis, 386 
Hemispherie lateralization, 428 
Hemoglobin (Hb), 532-533, 534 
Hemolyze, 534 
Hemophilia, 538 
Hemopoiesis, 539-541 
Hemostasis, 537 
Hemothorax, 649 
Heparin, 62 

Hepatie artery, eommon, 587, 663 

Hepatie artery proper, 678 

Hepatie ducts, right/left/eommon, 678 

Hepatie (right eolie) flexure, 674 

Hepatie portal system, 594-596, 776-777 

Hepatie portal vein, 594, 678 

Hepatie vein, 594, 678 

Hepatoeytes, 678 

Hepatoduodenal ligament, 664 

Hepatogastrie ligament, 664 

Hepatopanereatie sphineter, 672 

Herniated dise, 214 

Hiatal hernia, 662 

Higher eenters, 406 

Hilum 

kidney, 688 
lung, 632 
lymph node, 612 
ovarian, 721 
Hindgut, 781 
Hinge joints, 209 
Hip bones, 184, 185, 228 
Hip dysplasia, 198 
Hip joint, 185 

aetion lines, 285 
articular capsule, 223, 224 
ligaments, 224-225 
movement, 285, 304-306 
movements, 228 
muscles, 304-306 
stabilization, 223-224 
structure, 222-224, 228 


Hippocampus, 431-432 
Histamine, 62 
Histology, 2, 50 
Histones, 38 

HIV (human immunodeficiency vims), 614 

Hodgkin lymphoma, 619 

Holoerine seeretion, 58, 60 

Homeostasis, 4, 5, 23 

Homologous, 730 

Homunculus 

motor, 391, 396 
sensory, 390, 394 
Horizontal eells, retina, 498 
Horizontal fissure, lung, 633 
Horizontal plate, palatine bone, 150 
Hormones, 56, 507-508. See also speeifie 

hormones 

Horner syndrome, 459 
Horns, spinal eord, 364 
Host versus graft disease, 623 
Human growth hormone. See Growth 

hormone (GH) 

Human imrmmodefieieney vims 

(HIV), 614 

Human papillomavims, 728 
Human plaeental laetogen (HPL), 733 
Humeral circumflex artery, 582 
Humeral ligament, transverse, 217 
Humeroradial joint, 177, 219 
Humero-ulnar joint, 177, 219 
Humerus, 110, 177, 178-179, 225 
Humoral (antibody-mediated) immunity, 

608-609 

Hyaline eartilage, 67, 68, 69 
Hyaluronan, 42, 61, 63, 204 
Hyaluronidase, 740, 743 
Hybridoma, 623 
Hydroeele, 738 
Hydrocephalus, 427, 448 
Hydroeortisone (eortisol), 508 
Hydrogen, in human body, 5 
Hydroureter, 706 
Hydroxyapatite, 108 
Hymen, 730 
Hyoglossus, 267 
Hyoid areh, 759 
Hyoid bone, 145, 156 
Hypaxial muscles, 765 
Hyperbarie oxygenation, 649 
Hyperextension, 207 
Hyperglyeemia, 520 
Hyperopia, 493 
Hyperplasia, 48 
Hyperpnea, 643, 644 
Hypertrophy, 48, 247-248 
Hypervolemie, 529 
Hypoaldosteronism, 522 
Hypoblast, 744 
Hypodermie needle, 95 
Hypodermis (subcutaneous layer; 

superficial faseia), 8, 73, 88, 

93, 94-95, 301 
Hypogastrie plexus, 462-463 
Hypogeusia, 505 

Hypoglossal eanals, oeeipital bone, 140, 

142, 143 

Hypoglossal nerve (N XII), 267, 270, 433, 

442, 443 
Hypogonadism, 522 
Hyponychium, 102 
Hypoparathyroidism, 522 
Hypophyseal portal system, 508, 510 
Hypophysial fossa, sphenoid, 148 
Hypophysis. See Pituitary gland 

(hypophysis) 
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Hypothalamus 

blood brain barrier, 409 
development, 404 
endoerine eontrol and, 510 
fimetions, 399, 404, 405, 418, 419 
gross anatomy, 404, 418, 419 
hormones produced by, 507, 512 
pituitary eontrol by, 510 
Hypothyroidism, 506, 527 
Hypovolemie, 529 
Hystereetomy, 721, 728 



I 

I band, 241, 244 
Idiopathie, 26 
Ileoeeeal valve, 672 
Ileum, 669, 671 
Iliae artery 

eommon, left/right, 587 
internal/external, 587 
vaginal branehes, 730 
Iliae erest, 185 
Iliae fossa, hip bone, 185 
Iliae noteh, 185 

Iliae spine, anterior/posterior, 185 
Iliae tuberosity, hip bone, 185 
Iliacus, 304, 306 

Iliae vein, internal/external/common, 594 
Ilioeostalis muscle, cervicis/lumborum/ 

thoraeis, 270, 271 
Iliofemoral ligament, 223 
Iliohypogastrie nerve, 376 
Ilioinguinal nerve, 376, 708 
Iliopsoas, 304 
Iliotibial traet, 305 
Ilium, 185 

Immune response, 610 
Irnrmme smveillanee, 609, 610 
Immunity 

antibody-mediated, 608-609 
eell-mediated, 608 
speeifie, 536 

Imrmmoeompetenee, 610 
Immunoglobulins (antibodies), 62, 531, 608 
Imrmmology, 623 
Impermeable membrane, 30 
Impetigo, 106 

Implantation, 742, 743-744 
ineisive eanals, maxilla, 142, 150 
Ineisive fossa, maxilla, 150 
Ineisors, 659 

Inclusions (inclusion bodies), 34 

Ineontinenee, 465, 703 

Incus, 481, 482 

Indireet inguinal hernia, 281 

Infant, skull, 156, 157 

Infantile hypothyroidism, 522, 523 

Infaret, 558 

Infectious mononucleosis, 623 
Inferior, 17 
Inferior ganglion 

glossopharyngeal nerve, 440 
vagus nerve, 440 
Inferior mesenterie artery, 587 
Inferior mesenterie ganglion, 451, 457 
Inferior mesenterie plexus, 462 
Inferior mesenterie vein, 595 
Inferior oblique, 264, 265 
Inferior rectus, 264, 265 
Inferior sagittal sinus, 408 
Inferior vena eava, 553, 594, 776-777 
Infertility, 790 

Infraglenoid tubercle, scapula, 177 
Infra-orbital foramen, 142, 144, 150 
Infra-orbital groove, maxilla, 150 


Infraspinatus, 177, 290 
Infraspinous fossa, scapula, 177 
Infundibulum 

hypothalamus, 418 
pituitary gland, 508 
uterine tube, 724 
Inguinal/inguen, 15, 16 
Inguinal eanals, 708 
Inguinal hernia, 281, 708 
Inguinal lymph nodes, 613, 615 
Inhalation, 644 
Inhibin, 521, 714 
Inhibiting hormones (IH), 510 
Inhibitory internemons, 350 
Initial segment, axon, 348 
Injmy Severity Seore (ISS), 1, 26 
Innate reflex, 381 
Inner eell mass, 78, 743 
Inner layer (retina), eye, 496-498 
Innervation, 260. See also speeifie body 

regions 

Insensible perspiration, 90 
Insertion, muscle, 251 
Insula, 425 
Insulin, 520, 522 

Insulin-dependent (type 1) diabetes, 520 
Integral proteins, 30 
Integrative eenters, eerebmm, 427 
Integmnentary system 

aeeessory structures, 87, 88, 95-102 

aging and, 102-103 

dermis. See Dermis 

development, 750, 756-757 

epidermis. See Epidermis 

glands, 96-100 

hair, 95-96 

hair follieles. See Hair follieles 
loeal eontrol of function, 102 
nails, 87, 102 
overview, 7, 8, 87 
structure and function, 87-88 
subcutaneous layer, 8, 73, 88, 93, 

94-95, 756 

Interarticular erest, rib, 168 
Interatrial groove, 550 
Interatrial septmn, 553, 554 
interealated dises, 74, 548, 549 
interearpal joint, 221, 222 
interearpal ligaments, 221 
Intercellular attaehments, 42, 43 
Interclavicular ligament, 216 
intereondylar eminenee, tibia, 193 
intereondylar fossa, femur, 193 
intereostal artery, 585 
intereostal muscles, external/internal/ 

transversus, 168, 273, 275 
intereostal vein, 594 
Interlobar vein, kidney, 690 
Interlobular (eortieal radiate) artery, 690 
Interlobular bile duct, 678 
Interlobular septa, 635 
Interlobular (eortieal radiate) vein, 698 
Intermediate fibers, 249 
Intermediate filaments, 34, 3 5 
Intermittent claudication, 602 
Intermuscular faseia, 73 
Intermuscular septa 
lower limb, 319 
upper limb, 301 
Internal callus, bone, 122 
Internal capsule, eerebral cortex, 429 
Internal ear, 482-485 
Internal elastie membrane, 568, 570 
Internal os, uterus, 726 
Internal root sheath, hair folliele, 96 


Internal (medial) rotation, 207, 211, 284 
Internemons, 350 
Internodal pathways, 560 
Internodes, 343, 347 
Internus, 253 
interoeeptors, 350, 473 
Interosseous border, tibia, 193 
Interosseous membrane 
arm, 177 
leg, 193 

Interphalangeal joints, 222, 228, 231 
Interphase, 45 

Interspinales muscle, 270, 271 
Interspinous ligament, 215 
Interstitial endoerine eells, testes, 520, 

521, 711 

Interstitial fluid, 529, 604-605 
Interstitial growth, eartilage, 67, 68, 116 
Interstitial lamellae, 111 
Intertarsal joint, 228 
interthalamie adhesion, 417 
Intertransversarii, 271, 272 
intertroehanterie erest, 193 
intertroehanterie line, 193 
Intertubercular sulcus (groove), humerus, 

177 

Interventricular foramen, 406 
Interventricular septum, 553 
Interventricular sulcus, anterior/posterior, 

550 

Intervertebral dise disease (IVDD), 214 
Intervertebral dises 
aging and, 214 
functions, 213 
joints, 204, 212-214, 216 
ligaments, 215 
problems, 214 
structure, 158, 213 
Intervertebral foramina, 158 
Intestinal epithelium, 671 
Intestinal glands (erypts), 671 
Intestinal juice, 612 
Intestinal lymph nodes, 616 
Intestinal reflex, 465 
Intestinal villi, 671 
Intestine. See Large intestine; Small 

intestine 
Intima, 568, 570 
Intracapsular ligament, 206 
Intracellular fluid (eytosol), 29, 30, 31, 34 
Intramembranous ossifieation, 113, 115 
Intrammal ganglia, 453 
Intraperitoneal organs, 655 
Intravenous pyelography (IVP), 698 
intrinsie, 253 
intrinsie faetor, 666 
intrinsie ligament, larynx, 631 
Inversion, 207, 211 
In vitro fertilization, 739, 790 
Involuntary, 341 
Iodine, in human body, 5 
Iris, 496 

Iron, in hrnnan body, 5 
Irregular bones, 121 
Irritable bowel syndrome (IBS), 686 
isehemia 

eardiae, 558 

in earpal tunnel syndrome, 296 
in eompartment syndrome, 319 
isehial ramus, hip bone, 185 
isehial spine, hip bone, 185 
isehial tuberosity, hip bone, 185 
Ischiocavernosus, 277, 719 
isehiofemoral ligament, 223 
isehimn, 185 


isotropie, 241 
Isthmus 

thyroid gland, 509 
uterine tube, 724 
uterus, 725 

J 

]ejunum, 669, 671 

Joint capsule. See Articular (joint) capsule 
Joint miee, 234 

Joints (articulations). See also speeifie joints 
aging and, 231 
axial skeleton, 216 
elassifieation, 204-207 
dynamie motion deseription, 207 
movements, 207-212 
strength vs. mobility in, 206-207 
synovial. See Synovial joints 
Jugular foramen, oeeipital bone, 140, 

142, 143 

Jugular fossa, temporal bone, 148 
Jugular (superior) ganglion, 440 
Jugular lymph saes, 778 
Jugular noteh, sternmn, 168, 174 
Jugularvein, internal/external, 140, 592 
Jugular venous pulse, 593 
Juxtaglomerular eells, 697 
Juxtaglomerular complex, 696, 697 
Juxtamedullary nephrons, 692, 695 

K 

Keloid, 101 
Keratin, 53, 89, 96 
Keratinization, 90 
Keratinized epithelium, 53, 90 
Keratinoeytes, 88 
Keratohyalin, 89 
Kernig’s sign, 386 
Kidney lobe, 689 
Kidneys 

blood supply, 689-690, 692, 693 

eross-seetional anatomy, 337, 689, 691 

endoerine functions, 10, 507, 518 

excretory functions, 12 

failme, 699 

gross anatomy, 698 

histology, 690-697 

nephrons. See Nephron 

nerves, 690 

overview, 688 

superficial anatomy, 688-689 
transplantation, 699 
Kidney stones, 687, 706 
Kinocilium, 483 
Knee joint 

articular capsule, 225 
functions, 224-225 
ligaments, 225 
loeking, 28, 225 
structure, 205, 224-228 
Kupffer eells (stellate maerophages), 678 
Kyphosis, 166 

L 

Labia, 13 

Labia majora, 730 

Labia minora, 730 

Labor and delivery, 752-755 

Laerimal apparatus, 492 

Laerimal bones, 142, 144, 153 

Laerimal canaliculi, 492 

Laerimal eamnele, 491 

Laerimal fossae, frontal bone, 143, 145 

Laerimal gland, 145, 492 
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Laerimal groove (sulcus), laerimal bone, 

142, 153 

Laerimal puncta, inferior/superior, 492 

Laerimal sae, 492 

Laetation, 730 

Laeteals, 671 

Lactiferous duct, 730 

Lactiferous sinus, 732 

Laetotropes, 508 

Lacunae 

bone, 68, 108, 115 
eartilage, 67 
trophoblast, 743 
Lambdoid suture, 140 
Lamellae, 108, 110-111 
Lamellar corpuscles, 474, 475 
Laminae, vertebrae, 158 
Lamina propria 

digestive system, 651, 671 
mucous membrane, 71 
traehea, 632 
Lamineetomy, 171 
Langerhans eells, 88, 89, 102, 612 
Lanugo, 96 

Large intestine (large bowel), 672-675 
cecum and appendix, 672 
eolon, 672-674 
eross-seetional anatomy, 337 
functions, 12, 652, 672 
gross anatomy, 672, 673 
histology, 674-675 
rectum, 674 
regulation, 675 
Large veins, 571, 574 
Laryngeal elevators, 268 
Laryngeal muscles, extrinsic/intrinsic, 631 
Laryngeal prominenee, 630 
Laryngopharynx, 629 
Larynx 

eartilages, 630-631 
functions, 11 
ligaments, 631 
musculature, 31 
sound production, 631 
swallowing proeess, 632 
Lateral, 17 

Lateral angle (canthus), 491 
Lateral aperture, fourth ventriele, 410 
Lateral (fibular) eollateral ligament, 225 
Lateral eompartment 
lower limb, 319-321 
upper limb, 301-302 
Lateral flexion, 207, 211, 216 
Lateral geniculate nuclei, thalamus, 418 
Lateral ligament 
ankle joint, 228 
temporomandibular joint, 212 
Lateral nuclei, thalamus, 418 
Lateral plate mesoderm, 764 
Lateral rectus, 264, 265 
Lateral (external) rotation, 207, 211, 284 
Lateral rotator muscles, 304, 306 
Lateral sulcus, eerebmm, 424 
Lateral ventriele, brain, 406, 407 
Latex allergy, 623 
Latissirmis dorsi, 252, 290 
Left anterior deseending braneh, left 

eoronary artery, 559 
Left atrium, 554 
Left bundle braneh, 560 
Left eolie flexure, 674 
Left eoronary artery (LCA), 559 
Left lower quadrant (LLQ), 16 
Left marginal braneh, left eoronary 

artery, 559 


Left rotation, 207, 211 

Left upper quadrant (LUQ), 16 

Left ventriele, 554-555 

Leg. See Lower limb 

Leiomyosareoma, 77 

Lens, 499 

Lens plaeode, 771 

Lens vesiele, 771 

Lentiform nucleus, 429, 430 

Lesser curvature, stomaeh, 664 

Lesser horns, hyoid bone, 145, 156 

Lesser omentum, 655, 664 

Lesser pelvis, 185 

Lesser troehanter, 190 

Lesser tubercle, humerus, 177 

Lesser wings, sphenoid, 149 

Leukemia, 77, 528, 544 

Leukocytes. See White blood eells 

Leukopoiesis, 541 

Levator anguli oris, 264 

Levator ani, 277 

Levator labii inferioris, 264 

Levator palpebrae superioris, 264 

Levator scapulae, 287, 289 

Levator veli palatini, 268 

Levels of organization, 5-6, 23 

Levers, 253, 254 

Lewy Body dementia, 443 

Leydig eells (interstitial endoerine eells), 

520, 521, 711 

Ligaments 

aeeessory, 205 
aeromioelaviailar, 217 
ankle joint, 228 
annular, 219, 632 
anular, 221 
axis, transverse, 162 
broad, 721 
capsular, 205-206 
eardinal (uterus), 725 
elassifieation, 205-206 
eoeeygeal, 361 
eoraeo-aeromial, 217 
coracoclavicular, 217 
coracohumeral, 217 
eoronary, 677 
costoclavicular, 216 
denticulate, 364 
elastie, 65, 66 
elbow joint, 219 
extracapsular, 206 
faleiform, 655, 677 
of the femoral head, 223 
functions, 65, 66 
glenohumeral, 217 
hepatoduodenal, 664 
hepatogastrie, 664 
hip joint, 223-224 
histology, 63, 65, 66 
interclavicular, 216 
interspinous, 215 
intervertebral, 215 
intracapsular, 206 
knee joint, 225 
larynx, 631 

ligamentum flavum, 215 

ligamentum nuchae, 162, 215 

longitudinal, 215 

ovarian, 721 

patellar, 193 

periodontal, 204, 659 

popliteal, 225 

quadrate, 221 

radioulnar joint, 221 

round 


liver, 677 
uterus, 725 
shoulder joint, 217 
sternoclavicular, 216 
stylohyoid, 156 
supraspinous, 215 
suspensory 
breast, 732 
eye, 496 
ovary, 721 
uterus, 725 

temporomandibular joint, 212 
traehea, 632 
transverse humeral, 217 
umbilical, medial/lateral, 699 
uterosacral, 725 
voeal, 631 
wrist, 221 

Ligamentum arteriosum, 598, 777 
Ligamentmn flavum, 215 
Ligamentum nuchae, 162, 215 
Ligamentum teres (round ligament), liver, 

677 

Ligands, 33 
Ligases, 44 

Light mieroseope, seales, 3 
Light reflexes, direct/consensual, 444, 465 
Limbie lobe, 431 
Limbie system, 431-432 
Linea alba, 273 
Linea aspera, femur, 193 
Linear motion, 208 
Lines, 124 
femur 

intertroehanterie, 193 
peetineal, 193 
hip bones, gluteal, 185 
ilium, arcuate, 185 
Lingual lipase, 657 
Lingual papillae, 657 
Lingual tonsils, 612 
Lipases 

gastrie, 668 
lingual, 657 
panereatie, 681 
Lipid derivatives, 508 
Lipids, in human body, 5 
Lipoproteins, 531 
Liposareoma, 77 
Liposuction, 63 
Lips, 655 
Liver 

blood supply, 678 
eross-seetional anatomy, 336, 676 
functions, 12, 652, 677, 678 
gross anatomy, 675-678 
histologieal organization, 678, 679 
veins, 594-596 
Load, 254 
Lobar bronehi, 635 
Lobes 

eerebellar, 422 
eerebral, 424-425 
kidney, 689 
liver, 677 
lung, 633, 634 
thymus, 616 
thyroid gland, 509 
Lobotomy, 428 
Lobules 

liver, 678, 679 
lung, 635 
testes, 711 
thymus, 616 

Loeking, of knee, 225, 228 


Long bones, 121 
Longissimus, 253 

Longissimus muscle, eapitis/eervieis/ 

thoraeis, 270, 271 
Longitudinal areh, foot, 197 
Longitudinal fasciculi, 429 
Longitudinal fissure, eerebmm, 406, 424 
Longitudinal ligament, anterior/posterior, 

215 

Long reflex, viseeral, 464 
Longus, 252 

Longus eapitis, 271, 273 

Longus eolli, 271, 273 

Loop of Henle (nephron loop), 690, 

694-695 

Loose eonneetive tissues, 63-65, 80 
Lordosis, 166 
Lower limb 

arteries, 587, 589-590 
bones, 185, 190-197 
eompartments, 319-321 
eross-seetional anatomy, 320 
joints, 228 

lymphatie drainage, 615 
muscles, 306-318 
nerves, 374, 376-379 
surface anatomy, 332-333 
veins, 594, 595 
Lower motor neurons, 391 
Lower respiratory system, 625, 630-642 
Lubricin, 204 
Lumbar/lumbus, 15, 16 
Lumbar artery, 587 
Lumbar curve, 158, 159 
Lumbar plexus, 369, 374, 376, 378-379 
Lumbar puncture, 328, 375 
Lumbar vein, 594 

Lumbar vertebrae, 158, 161, 162, 164 
Lumbosacral enlargement, spinal eord, 

361 

Lumbosacral trunk, saeral plexus, 377 
Lumbrical muscles, 298, 316 
Lunate, 182 

Lunate surface, pelvie girdle, 185 
Lung, 632-640 

blood supply, 638 
bronehial tree, 635-638 
development, 779-780 
functions, 11 

gross anatomy, 632-634, 636 
lobes, 633, 634 
surfaces, 633-635 
Lung buds, 779 
Lung eaneer, 638 
Lunula, 102 

Luteal phase, ovarian eyele, 729 
Luteinizing hormone (LH), 508, 512 
Luxation (disloeation), 206 
Lymph, 65, 604 
Lymphangiogram, pelvis, 615 
Lymphatie eapillaries, 605-606 
Lymphatie ducts, 607, 608 
Lymphatie nodules, 610 
Lymphatie (lymphoid) system 
aging and, 619 
development, 751, 778 
functions, 604-605 
lymphatie organs, 612-619 
lymphatie tissues, 541, 610-612 
lymphatie vessels, 11, 605-606 
lymph-eolleeting vessels, 606-608 
lymphoeytes. See Lymphoeytes 
overview, 7, 11, 536, 604 
Lymphatie tissues, 541, 610-612 
Lymphatie trnnks, 607 
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Lymphatie vessels, 11, 605-606 
Lymphedema, 606 
Lymph nodes, 11, 612-616, 778 
Lymphoeytes 

abundance, 532 
eharaeteristies, 29, 532, 536 
distribution and life span, 610 
functions, 62, 532, 536, 610 
histology, 536 

imrmme response and, 29, 609, 610 
production, 540, 541, 609, 610 
types, 607-610 
Lymphoeytopoiesis, 609, 610 
Lymphoeytosis, 534 
Lymphoid stem eells, 540 
Lymphoid system. See Lymphatie 

(lymphoid) system 
Lymphoma, 77, 617, 619 
Lymphopenia, 534 
Lymphopoiesis, 541 
Lysosomes, 29, 40, 41 
Lysozyme, 492 


M 

Maerophages 
alveolar, 638 
fixed, 61, 62 
free, 62 

Maeroseopie anatomy, 2 
Macula, 498 

Macula adherens (desmosome), 42, 89 
Macula densa, 697 
Maculae, inner ear, 483, 485 
Macular degeneration, 493 
Magnesium, in human body, 5 
Magnetie resonanee imaging (MRI), 21, 

127 



Magnus, 253 

Main bronehi, left/right, 632-633 
Major, 253 
Male elimaeterie, 733 
Male pattern baldness, 96 
Male pronucleus, 740, 741 
Male reproductive system 
aeeessory glands, 716-717 
aging and, 733 
development, 751, 786 
ductus deferens, 13, 708, 716 
epididymis, 13, 714-716 
nurse eells, 521, 712, 714 
organization, 708 
overview, 13, 708, 709, 711 
penis, 13, 718-719 
reproductive traet, 714-716 
semen, 719 

spermatogenesis and meiosis, 711-712 
spermiogenesis, 712, 714 
testes. See Testes 
urethra, 716 

Malignant melanoma, 94 
Malignant tumor, 77. See also Cancer 
Malleolus, lateral/medial, 193, 196, 255 
Malleus, 481, 482 
Mamillary bodies, 419, 432 
Mamma/mammary, 15 
Mammary glands, 13, 60, 102, 730, 

732-733, 757 
Mammography, 733 
Mandible, 142, 145, 153-154, 216 
Mandibular eanal, 154 
Mandibular dental areade, 659 
Mandibular division, trigeminal nerve, 437 
Mandibular foramen, 142, 145, 154 
Mandibular fossa, temporal bone, 

143, 147 


Mandibular noteh, 154 
Mantle layer, 766 
Manubrium, 168 
Manus/manual, 15, 16 
Marfan syndrome, 49, 85, 126 
Margin, tibia, 193 
Marginal layer, 766 

Marrow (medullary) eavity, 109, 115, 116 
Massa intermedia (interthalamie 

adhesion), 417 
Masseter, 266 
Mass movements, 675 
Mast eells, 62 
Mastieation, 266-267, 659 
Mastoid air eells, 143, 148 
Mastoid fontanelles, 156 
Mastoid foramen, temporal bone, 142, 

143,147-148 
Mastoiditis, 148 

Mastoid proeess, temporal bone, 143, 147 
Matrix 

bone, 108 

eonneetive tissue, 59 
hair, 96 

mitoehondria, 37 
nuclear, 38 
Maturing faee, 41 
Maturity, 740 

Maxillae, 142, 144, 150, 152, 216 
Maxillary dental areade, 659 
Maxillary division, trigeminal nerve, 4 
Maxillary sinuses, 144, 150, 154 
Maxillary vein, 592 
Maximus, 253 
Meatus. See Canal 

Meatus, superior/middle/inferior, 627 
Meehanoreeeptor reflex, 645 
Meehanoreeeptors, 473, 474-476 
Meconium aspiration, 755 
Media, blood vessels, 568, 570 
Medial, 17 

Medial angle (canthus), 491 
Medial (tibial) eollateral ligament, 225 
Medial eompartment, lower limb, 

319-321 

Medial geniculate nuclei, thalamus, 418 

Medial-lateral rule, 390 

Medial lemniseal pathway (posterior 

columns), 388-389, 392-393 
Medial lemniscus, 388 
Medial nuclei, thalamus, 417-418 
Medial rectus, 264, 265 
Medial (internal) rotation, 207, 211, 284 
Median aperture, fourth ventriele, 410 
Median fissure, anterior, 361 
Median lymph sae, 778 
Median nerve, 296, 371, 374 
Median sagittal seetion, 18 
Median sulcus, posterior, 361 
Mediastinal artery, 585 
Mediastinal surface, lung, 633 
Mediastinum, 19, 22-23 
Mediastimim, of testis, 711 
Medium-sized (muscular) arteries, 

569, 571 

Medium-sized veins, 571, 572, 574 
Medulla 

adrenal gland. See Adrenal 

(suprarenal) gland 
hair, 96 

lymph node, 613 
renal, 689 
Medulla oblongata 

development, 404, 405 
functions, 399, 404, 405, 413-414 


gross anatomy, 413-414 
overview, 404, 405 
respiratory eontrol eenter, 413, 

414, 643 

Medullary (marrow) eavity, 109, 115, 116 
Medullary eords, lymph node, 613 
Megakaryoeytes, 536, 537 
Meiosis, 712, 724 

Meissner’s (taetile) corpuscles, 474 
Melanin, 62, 89, 91 
Melanoeyte, 62, 88-89, 92 
Melanocyte-stimulating hormone (MSH), 

509, 512 
Melanoma, 94 
Melanosomes, 91 
Melatonin, 417, 508, 521-522 
Membrane bones, 115 
Membrane flow, 42 
Membrane permeability, 30, 32, 33 
Membrane potential, 351 
Membrane proteins, 30 
Membranes, 70-71 

cutaneous, 71, 72. See also Skin 
mucous, 71 
serous, 71-72 
synovial, 71, 72 
Membranous labyrinth, 482 
Membranous organelles, 29, 30, 36-42 
endoplasmie reticulum, 29, 39-40 
Golgi apparatus, 29, 40, 41 
lysosomes, 29, 41 
mitoehondria, 29, 37 
nucleus, 29, 37-39 
peroxisomes, 29, 42 
Membranous urethra, 702 
Memory B eells, 608 
Memory T eells, 608 
Menarehe, 729 
Ménière’s disease, 471, 504 
Meningeal eranial dura, 408 
Meninges 

eranial, 361, 406, 408, 409, 410 
spinal, 361 
Menisei, 205, 225 
Menopause, 522, 729, 733 
Menorrhagia, 738 
Menses, 727 

Menstmal (uterine) eyele, 727-729 
Menstmal phase, uterine eyele, 727, 728 
Menstmation, 727 
Mental/mentis, 15 

Mental foramina, mandible, 142, 145, 

153-154 
Mentalis, 264 

Merkel eells, 88, 89, 474, 475 
Meroerine (eeerine) seeretion, 58, 60 
Meroerine (eeerine) sweat glands, 99-100 
Mesangial eells, 693 
Meseneephalon (midbrain) 
development, 404, 405, 769 
functions, 399, 404, 405, 415, 416 
gross anatomy, 415-416 
Mesenehymal eells, 61, 62, 80 
Mesenehyme, 72, 80 
Mesenterie artery, inferior/superior, 587, 

669, 672 

Mesenterie lymph nodes, 616 
Mesenterie vein, inferior/superior, 

595, 672 

Mesentery 

development, 781 
peritoneum, 19, 655, 656 
stomaeh, 664 

Mesentery proper, 655, 669 
Meso-appendix, 672 
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Mesoeolon, 655 

Mesoderm, 78, 745, 746 

Mesonephrie duct, 783 

Mesonephros, 783 

Mesosalpinx, 721 

Mesothelium, 53 

Mesovarium, 721 

Metabolism, 7 

Metaearpals, 182-183 

Metaearpophalangeal joints, 222, 225 

Metanephrie diverticulum (ureteric bud), 

784 

Metanephros, 783 
Metaphase, 44, 45 
Metaphase plate, 45 
Metaphyseal vessels, 114 
Metaphysis, 112 
Metarterioles, 572 
Metastasis, 638 
Metastatie tumors, 77, 617 
Metatarsals, 196-197, 228 
Metatarsophalangeal joints, 228 
Meteneephalon, 404, 769 
Mieroeephaly, 427, 448 
Mierofilaments, 29, 34, 35 
Mieroglia, 343, 344 
Mieroseopie anatomy, 2 
Microtubule(s), 29, 34, 35 
Mierovilli, 29, 31, 52, 671 
Micturition (urination), 465, 688, 702 
Midbrain. See Meseneephalon 
Middle eardiae vein, 559 
Middle ear, 480-482 
Middle pieee, sperm, 714 
Midsagittal seetion, 18 
Migraine, 448 

Mineraloeortieoids (MCs), 516, 522 
Minimus, 253 
Minor, 253 

“Miserable malalignment” syndrome, 199 
Mitoehondria, 29, 37 
Mitoehondrial disease, 27, 48 
Mitosis, 43, 45 

Mitral valve (left atrioventricular valve), 

554, 556 

Mixed endoerine glands, 55, 58 
Mixed nerves, 361 
M line, 241, 244 
Moderator band, 554, 560 
Modiolus, 485 
Molars, 659 

Molecular level of organization, 6 
Monaxial joint, 205, 208, 209 
Monoeytes, 62, 67, 532, 536 
Monosynaptie reflex, 380, 381 
Monozygotie twins, 752 
Mons pubis, 730 
Morbidity, 26 

Morphology. See Surface anatomy 
Mornla, 743 

Motor (expressive) aphasia, 428 
Motor end plate, 237 
Motor homunculus, 391, 396 
Motor neurons, 341, 350 
Motor nuclei, 364 
Motor traets. See Deseending 

(motor) traets 
Motor unit, 247 
Movement, 7 
Movements 

deseription, 208 
types, 207, 210-211 
M phase, 44 
Mucins, 55, 658 
Mucoid eonneetive tissue, 72 
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Mucosa (mucous membranes) 
definition, 71 
digestive system, 651 
esophagus, 662 
oral, 655 
traehea, 632 

Mucosa-associated lymphoid tissue 

(MALT), 612 

Mucosal epithelium, digestive 

system, 651 
Mucosal glands, 679 
Mucous eells, 56 
Mucous glands, 55 
Mucous neek eells, 666, 667 
Mucus, 52, 627 

Miillerian (paramesonephrie) duct, 785 

Multicellular glands, 56 

Multifidus, 270, 271 

Multilocular adipose eells, 65 

Multinucleate eells, 38, 74 

Multipennate muscle, 250, 251 

Multiple births, 752 

Multiple selerosis, 397 

Multiple system atrophy (MSA), 466 

Multipolar neuron, 348, 349 

Mumps, 659 

Murmur, heart, 555 

Muscarine, 462 

Muscarinic reeeptors, 462 

Muscle atrophy, 248 

Muscle eell, 6 

Muscle eontraetion, 243-247 
Muscle fibers, 74, 237 
Muscle hypertrophy, 247-248 
Muscles listed 

abductor digiti minimi, 298, 315, 316 
abductor hallucis, 315, 316 
abductor pollieis, 296 
adductor, magnus/brevis/longus, 304, 

306 

adductor hallucis, 315, 316 

adductor pollieis, 298 

anal sphineter, 277, 674 

anconeus, 292 

arreetor pili, 96 

bieeps braehii, 251 

bieeps femoris, 307, 310 

braehialis, 292, 294 

braehioradialis, 285, 292, 294 

buccinator, 253, 262, 264 

bulbospongiosus, 277, 719 

eiliary, 496 

coccygeus, 277 

eoraeobraehialis, 290 

eormgator supercilii, 264 

eremaster, 710 

dartos, 710 

deltoid, 177, 250, 290 

depressor anguli oris, 264 

depressor labii inferioris, 264 

detmsor, 701 

diaphragm, 18, 275, 276 

digastrie, 269, 270 

dilator pupillae, 496 

dorsal interosseous, foot, 315, 316 

dorsal interosseous, hand, 298 

ereetor spinae, 271, 272 

extensor earpi radialis, 253, 292, 294 

extensor earpi ulnaris, 292, 294 

extensor digiti minimi, 296 

extensor digitomm, 250, 296, 315, 316 

extensor hallucis, 315 

extensor indieis, 296 

extensor pollieis, 296 

extensor retinaculum, 296, 309 


fibularis, 309, 315 

flexor earpi radialis, 292, 294 

flexor earpi ulnaris, 292, 294 

flexor digiti minimi brevis, 315, 316 

flexor digitomm, 296, 315, 316 

flexor hallucis, 315, 316 

flexor pollieis, 296 

gastrocnemius, 309 

gemelli, 306 

genioglossus, 253, 267 

geniohyoid, 269, 270 

gluteus maximus, 193, 304 

gluteus medius, 304, 305 

gluteus minimus, 304, 305 

graeilis, 304, 306 

hyoglossus, 267 

iliacus, 304, 306 

iliococcygeus, 277 

ilioeostalis, 271 

iliopsoas, 304 

inferior oblique, 264, 265 

inferior rectus, 264, 265 

infraspinatus, 177, 290 

intereostal, 168, 273, 275 

interspinales, 271 

intertransversarii, 271 

ischiocavernosus, 277, 719 

laryngeal, 631 

laryngeal elevators, 268 

lateral rectus, 264, 265 

lateral rotator, 304 

latissimus dorsi, 252, 290 

levator anguli oris, 264 

levator ani, 277 

levator labii inferioris, 264 

levator palpebrae superioris, 264 

levator scapulae, 287, 289 

levator veli palatini, 268 

longissimus, 271 

longus eapitis, 271, 273 

longus eolli, 271, 273 

himbrieal, 298, 316 

malleolus, lateral/medial, 193, 255 

masseter, 266 

medial rectus, 264, 265 

mentalis, 264 

multifidus, 271 

mylohyoid, 154, 269, 270 

nasalis, 264 

oblique, 275 

obturator, 304 

oeeipitofrontalis, 264 

omohyoid, 269, 270 

opponens digiti minimi, 298 

opponens pollieis, 298 

orbicularis oris, 262, 264 

palatal, 268, 661 

palatoglossus, 267 

palatopharyngeus, 268, 661 

palmar interosseus, 298 

palmaris, 292, 294, 298 

papillary, 552, 554 

peetinate, 554 

pectineus, 193, 304, 306 

peetoralis, 250 

peetoralis major, 290 

peetoralis minor, 287, 289 

peroneus, 309 

pharyngeal eonstrietor, 267, 268, 661 

piriformis, 304, 306 

plantar interosseous, 315, 316 

plantaris, 315 

platysma, 264 

popliteus, 193, 308, 310 

proeems, 264 


pronator quadratus, 292, 294 
pronator teres, 292, 294 
psoas major, 304, 306 
pterygoid, 267 
pubococcygeus, 277 
quadratus femoris, 304 
quadratus lumborum, 271, 273 
quadratus plantae, 315, 316 
quadriceps femoris, 193, 255, 307 
rectus abdominis, 250, 273, 275 
rectus femoris, 307, 310 
rhomboid, 287, 289 
risorius, 253, 264 
rotatores, 271 

salpingopharyngeus, 268, 272 
sartorius, 253, 307, 310 
sealene, 273, 275 
semimembranous, 307, 310 
semispinalis, 271, 272 
semitendinosus, 307, 310 
serratus anterior, 287, 289 
serratus posterior, 275 
soleus, 193, 309, 315 
sphineter pupillae, 496 
spinal flexors, 271 
spinalis, 271 
splenius eapitis, 271 
splenius eervieis, 271 
stapedius, 482 

sternoeleidomastoid, 269, 270 
sternohyoid, 269, 270 
sternothyroid, 269 
styloglossus, 267 
stylohyoid, 269, 270 
stylopharyngeus, 268, 661 
subclavius, 287, 289 
subscapularis, 177, 290 
superior oblique, 264, 265 
superior rectus, 264, 265 
supinator, 292, 294 
supraspinatus, 177, 290 
temporalis, 145, 267 
temporoparietalis, 264 
tensor faseiae latae, 304 
tensor tympani, 482 
tensor veli palatini, 268 
teres major, 252, 290 
teres minor, 177, 290 
thyrohyoid, 269, 270 
tibialis, 309 
tongue, 657 
traehealis, 632 
transverse perineal, 277 
transverse thoraeis, 273, 275 
transversospinalis, 271 
transversus abdominis, 273, 275 
trapezius, 177, 287, 289 
trieeps braehii, 177, 252, 292, 294 
urethral sphineter, 277 
vastus intermedius, 307, 310 
vastus lateralis, 307, 310 
vastus medialis, 307, 310 
zygomaticus major, 264 
zygomaticus minor, 264 
Muscle spindles, 247 
Muscle terminology, 252-253 
Muscle tissue, 51, 74 

eardiae. See Cardiac muscle tissue 
eontraetility, 236. See also Muscle 

eontraetion 
elastieity, 236 
excitability, 236 
extensibility, 236 
properties, 236 

skeletal. See Skeletal nrnsele tissue 


smooth. See Smooth nrnsele tissue 
Muscle tone, 247 
Muscle twitch, 247 
Muscular dystrophies, 258 
Muscularis mucosae, digestive system, 651 
Muscular layer, digestive system, 651 
Muscular arteries, 569, 571 
Muscular system 
aging and, 253 

appendicular. See Appendicular 

musculature 

axial. See Axial musculature 
development, 750, 764-765 
overview, 7, 9, 236 
skeletal. See Skeletal muscle 
terminology, 252-253 
Muscular tail, 4 

Musculocutaneous nerve, 290, 292, 371, 

374 

Myasthenia gravis, 258, 355 
Mydriasis, 505 
Myeleneephalon, 404, 769 
Myelin, 341, 343, 346 
Myelinated, 346 
Myelination, 346-347 
Myelin sheath gaps, 343, 347 
Myeloid stem eells, 540 
Myeloma, 77 

Myeloproliferative disorders, 544 
Myenterie neural plexus, 651 
Myenterie reflex, 653 
Mylohyoid line, 145, 154 
Mylohyoid, 154, 269, 270 
Myoblasts, 238 

Myoeardial infaretion (MI), 558, 569 

Myoearditis, 552 

Myocardium, 548 

Myoclonus, 448 

Myoepithelial eells, 98 

Myofibrils, 238, 241 

Myofilaments, 238 

Myoglobin, 249 

Myoglobinuria, 324 

Myometrium, 726 

Myopathy, 258 

Myopia, 493 

Myosatellite eells, 74, 236, 238 
Myosin, 35, 238, 241 
Myositis, 324 
Myotome, 764 
Myotonia, 324 
Myxedema, 522, 530 

N 

Nail, 87, 102, 756 
Nail bed, 102 
Nail body, 102 
Nail folds, 102 
Nail grooves, 102 
Nail root, 102 
Nares (nostrils), 627 
Nasal/nasus, 15 
Nasal apertures, 149, 627 
Nasal bones, 144, 152-153 
Nasal eavity, 11, 627-628 
Nasal complex, 154-155 
Nasal eonehae, inferior/middle/superior, 

144, 149, 153 
Nasalis, 264 
Nasal plaeodes, 771 
Nasal septum 
deviated, 171 
gross anatomy, 627 
perpendicular plate, 149 
structure, 153 
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Nasal vestibule, 627-628 
Nasolaerimal eanal, laerimal bone, 142, 

144, 153 

Nasolaerimal duct, 492 
Nasolaerimal groove, maxilla, 144 
Nasopharynx, 629 

Natural killer (NK) eells, 536, 607-610 
Navicular, 196 
Nebulin, 242 
Neek 

gallbladder, 678 
penis, 719 
sperm, 714 
tooth, 659 
urinary bladder, 701 
Neek [body region] 
arteries, 582-583 
bones, 158, 160-162 
lymphatie drainage, 613 
muscles, 267-269, 269-270, 286 
nerves, 370 

respiratory structures, 630-632 
surface anatomy, 326-327 
Neek, 124 
femur, 190 

humerus, anatomical/surgical, 177 
rib, 168 
scapula, 174 
Neerosis, 48 

Neerotizing faseiitis, 86, 106 

Neonatal period, 755 

Neonatal respiratory distress syndrome 

(NRDS), 642 

Neonate 

cardiovascular ehanges, 597-598, 755 
respiratory ehanges, 643, 755 
transitions, 755 
Neoplasm (tumor), 77 
Nephron 

eolleeting system, 697 

distal convoluted tubule, 690, 694, 

695, 697 
histology, 695 

juxtaglomerular complex, 696, 697 
juxtamedullary, 692, 695 
nephron loop, 690, 694-695 
proximal convoluted tubule, 690, 694, 

695 



renal corpuscle, 692-693 
structure and function, 690-692, 694 
Nephron loop, 690, 694-695 
Nephroptosis, 706 
Nephrotie syndrome, 706 
Nephrotome, 783 
Nephrotoxin, 706 
Nerve eells. See Neurons 
Nerve conduction study, 386 
Nerve fibers, 76 
Nerve growth faetor, 386 
Nerve impulse, 350-351 
Nerve plexuses, 367-374 
Nerves, 341, 350 

eranial. See Cranial nerves 
spinal. See Spinal nerves 
Nerves listed 

ansa eerviealis, 370 
antebraehial cutaneous, 374 
axillary, 290, 371, 374 
braehial cutaneous, 374 
eoehlear, 439, 487, 490 
eranial. See Cranial nerves 
dental, 659 
femoral, 304, 376 
femoral cutaneous, 376, 377 
fibular, 377 


genitofemoral, 376, 708 

gluteal, 304, 377 

great auricular, 370 

iliohypogastrie, 376 

ilioinguinal, 376, 708 

median, 296, 371, 374 

musculocutaneous, 292, 371, 374 

obturator, 304, 376 

oeeipital, 370 

peetoral, 289, 290, 374 

pelvie, 460 

petrosal, 439 

pharyngeal plexus, 268 

phrenie, 370 

pudendal, 277, 377 

radial, 177, 296, 371, 374 

renal, 690 

saeral, 277 

scapular, 289, 374 

seiatie, 377 

splanehnie, 451 

subscapular, 290, 374 

supraclavicular, 370 

suprascapular, 290, 374 

thoraeie, 289, 374 

thoraeodorsal, 290, 374 

tibial, 377 

transverse eervieal, 370 
ulnar, 177, 371, 374 
vestibular, 439, 485 

Nervous system. See also Central nervous 

system; Peripheral nervous 
system 

anatomieal organization, 354 
development, 750, 766 
nervous tissue. See Nervous tissue 
overview, 7, 9, 339-340, 354 
terminology, 341 

traets. See Aseending (sensory) traets; 

Deseending (motor) traets 
Nervous tissue, 51, 76, 339. See also 

Nervous system 

cellular organization, 342. See also 

Neuroglia; Neurons 
histology, 76 
nerve impulse, 350-351 
regeneration, 350, 351 
synaptie communication, 351-353 
Neural eavity, 766 
Neural circuits, 353 
Neural cortex, 341, 354 
Nernal erest, 766 
Nernal folds, 766 
Neural groove, 766 
Neural layer, retina, 496, 497 
Nernal plate, 766 
Nernal tube, 766, 769 
Neural tube defeets, 161, 768 
Neurocardiogenic syndrome (NCS), 466 
Nemoeoel, 404 
Neuroepithelium, 50 
Nemofibrils, 348 
Nemofilaments, 35, 348 
Neuroglandular synapses, 352 
Nemoglia 

eentral nervous system, 342-344 
overview, 76, 340, 341, 342 
peripheral nervous system, 343-345 
Nemohypophysis, 509, 511 
Nemolemma, 344 

Nemolemmoeytes (Schwann eells), 343, 

344, 346-347 

Neuromuscular junction, 237-238, 

246, 352 
Nemonal pools, 353 


Nemons 

in aseending traets, 389, 390 
elassifieation, 348-350 
functions, 76, 340, 341 
nerve impulse generation, 350-351 
organization and proeessing, 353 
regeneration, 350, 351 
structure, 76, 342, 348 
synaptie communication, 351-353 
Nemoseeretions, 510 
Nemosis, 386 
Neurotoxin, 359 
Nemotransmitters 
definition, 243 
functions, 243 

parasympathetie aetivation and, 462 
sympathetie aetivation and, 458 
Neurotubules, 348 
Neurulation, 766 

Neutrophils, 62, 67, 532, 535, 536 
Nevus, 106 

Newborn. See Neonate 
Nieotine, 462 
Nieotinie reeeptors, 462 
9 + 0 array, 35, 36 
9 + 2 array, 35, 36 
Nipple, 730 
Nissl bodies, 348 
Nitrogen, in human body, 5 
Noeieeptors, 473 
Nodal eells, 559 

Nodes of Ranvier (myelin sheath gaps), 

343, 347 

Nominal aphasia, 428 
Nondisplaeed fraetme, 122 
Non-Hodgkin lymphoma (NHL), 619 
Non-insulin-dependent (type 2) 

diabetes, 520 

Nonkeratinized epithelium, 53 
Nonmembranous organelles, 29, 30, 

34-36 

eentrioles, 29, 35, 36 
eilia, 29, 35, 36 
eytoskeleton, 29, 34-35 
flagella, 35 
ribosomes, 29, 36, 37 
Nonstriated involuntary muscle, 74 
Nonvesicular (eleetrieal) synapses, 

352-353 

Norepinephrine (NE; noradrenaline), 

452, 457, 518, 522 
Normotensive, 602 
Normovolemie, 529 
Nose, 264, 627-628 
Nostrils (nares), 627 
Noteh. See also Foramen 

frontal bone, supra-orbital, 140, 

142,143 
hip bone 

greater/lesser seiatie, 185 
iliae, 185 
mandibular, 153 

pelvie girdle, acetabular, 185, 222 
radius, ulnar, 182 
scapula, suprascapular, 174 
sternum, jugular, 168, 174 
ulna 

radial, 177 
troehlear, 177 
Notoehord, 4, 760 

Nuchal lines, oeeipital, inferior/superior, 

140, 143 

Nuclear envelope, 29, 38 
Nuclear matrix, 38 
Nuclear pore, 29, 38 


Nucleases, 681 
Nuclei, graymatter, 364 
Nucleoli (nucleolus), 29, 39 
Nucleoplasm, 38 
Nucleosome, 38 

Nucleus, eell, 29, 37-39, 341, 354 
Nucleus graeilis (graeile nucleus), 

413, 414 

Nucleus pulposus, 213 
Nmse eells, testes, 521, 712, 714 
Nmsemaid’s elbow, 219 
Nutrient artery, bone, 114 
Nutrient foramen, 114 
Nutrient vein, bone, 114 
Nystagmus, 499 

o 

Oblique, 252 
Oblique fissme, lung, 633 
Oblique layer, 666 
Oblique muscles 

abdominal, 273-274, 275 
eervieal, 275 
extra-ocular, 264 
thoraeie, 275 

Obtmator foramen, hip bone, 185 
Obtmator groove, hip bone, 185 
Obtmator muscles, 304, 306 
Obtmator nerve, 304, 376 
Obturator vein, 5 94 
Oeeipital bone, 140, 141, 142, 143 
Oeeipital eondyles, 140, 143 
Oeeipital erest, external, 140, 143 
Oeeipital lobe, 424, 425, 426 
Oeeipital nerve, 370 
Oeeipital protuberance, external, 140 
Oeeipitofrontalis, 264 
Occluding junction, 42, 43 
Occlusal smfaee, 659 
Ocular/oculus/orbital, 15 
Ocular (bulbar) conjunctiva, 491 
Oculomotor (extra-ocular) muscles, 

264-265 

Oculomotor nerve (N III), 264, 265, 433, 

436, 442 

Oil (sebaceous) glands, 8, 96, 98, 100 

Oleeranon fossa, humerus, 177 

Oleeranon/oleeranal, 15 

Oleeranon proeess, ulna, 177 

Olfaetion (smell), 476-478, 771 

Olfaetory bulbs, 434 

Olfaetory cortex, 42 5 

Olfaetory diserimination, 477-478 

Olfaetory epithelimn, 476, 477 

Olfaetory glands, 477 

Olfaetory nerve (N I), 433, 434, 442, 477 

Olfaetory organs, 476-477 

Olfaetory pathways, 477 

Olfaetory sensory nemons, 476-478 

Olfaetory traets, 434 

Oligodaetyly, 790 

Oligodendroeytes, 342-343, 344 

Olivary nuclei, 413, 414, 490 

Olives, medulla oblongata, 413 

Omental appendiees, 674 

Omentum, greater/lesser, 655, 664 

Omohyoid, 269, 270 

Oneologists, 77, 85 

Onyeholysis, 106 

Ooeyte, 708, 721, 740-741 

Ooeyte aetivation, 740, 741 

Oogenesis, 721, 723-724 

Oogonia, 721 

Oophoreetomy, 738 

Oophoritis, 738 


844 lndex 


www.ebook3000.com 


Ooplasm, 740 
Open fracture, 122 
Open reduction, 130 
Open surgical repair, for aortie 

aneurysm, 385 
Ophthalmie artery, 582 
Ophthalmie division, trigeminal 

nerve, 437 

Opponens digiti minimi, 298 

Opponens pollieis, 298 

Opposition, 207, 211 

Optie eanal, sphenoid, 142, 144, 148 

Optie ehiasm, 418, 435, 499-500 

Optie cups, 771 

Optie dise, 498 

Optie groove, sphenoid, 148 

Optie nerve (N II), 433, 435, 442, 498 

Optie stalks, 771 

Optie traets, 435 

Optie vesieles, 771 

Optimal resting length, sareomere, 245 
Oral/oris, 15 
Oral eavity, 655-660 
functions, 12, 652 
gross anatomy, 657 
salivary glands, 658-659 
teeth, 659-660 
tongue, 657 
Oral mucosa, 655 
Oral vestibule, 657 
Ora serrata, 496 
Orbicularis oris, 262, 264 
Orbital/ocular/oculus, 15 
Orbital complex, 154 
Orbital fat, 492 

Orbital fissures, inferior/superior, 142, 

144, 148, 150 

Orbital part, frontal bone, 145 
Orbital proeess, palatine bone, 153 
Orbital surface, maxillae, 150 
Orbits, 154 
Orehitis, 738 
Organelles, 4, 5, 30, 31 

membranous. See Membranous 

organelles 

nonmembranous. See 

Nonmembranous organelles 
Organism, 6 

Organization, levels of, 5-6 
Organ level of organization, 6, 51 
Organ of Oorti (spiral organ), 486, 

488-489 
Organogenesis, 746 
Organs, 2 

Organ systems. See also speeifie systems 
definition, 2, 23 
development, 81 
overview, 7-14, 23 
Orifiees, 236 
Origin, muscle, 251 
Oropharynx, 629 
Orthopedies, 130 
Orthopnea, 649 
Orthostatie hypotension, 602 
Osmosis, 32 
Osseous tissue. See Bone 
Ossifieation, 113-114 

endoehondral, 113-114, 116-117 
intramembranous, 113, 115 
Ossifieation eenter, 115 
Osteoblasts, 80, 108, 109, 115 
Osteoelast-aetivating faetor, 125 
Osteoelasts, 109, 119 
Osteoeytes, 68, 108, 109, 115 
Osteogenesis, 108 


Osteogenesis imperfeeta, 130 

Osteogenie layer, 113, 116 

Osteoid, 108, 115 

Osteolysis, 109 

Osteomalaeia, 126 

Osteomyelitis, 130 

Osteon, 110-111 

Osteopenia, 120 

Osteopetrosis, 130 

Osteoporosis, 76, 120, 125 

Osteoprogenitor eells, 108, 109 

Osteosareoma, 77, 130 

Otalgia, 505 

Otic/auris, 15 

Otie ganglion, 440, 460 

Otie plaeodes, 772 

Otie vesieles, 772 

Otitis media, 482 

Otolithie membrane, 485 

Otoliths, 485, 486 

Oval window, 482 

Ovarian artery, 587, 721, 727 

Ovarian eaneer, 721 

Ovarian eyele, 721, 723-724, 729 

Ovarian follieles, 521, 721, 723-724 

Ovarian hilum, 721 

Ovarian ligament, 721 

Ovarian vein, 594, 721 

Ovaries 

endoerine functions, 10, 507, 521, 522 
gross anatomy, 719-720, 722 
ovarian eyele and oogenesis, 721-724 
reproductive functions, 13, 708 
Ovulation, 724, 740-741 
Oxyphil eells, 515 

Oxytocin (OXT), 418, 509, 510, 512, 733 

P 

Paeemaker eells, 74, 562 
Paeesetter eells, 652 

Paeinian (lamellar) corpuscles, 474, 475 
Paeked eell volume (PCV), 531 
Paeked red blood eells (PRBCs), 539 
Paget’s disease, 130 
Pain 

fast, 473 
referred, 473 
slow, 473 

Palatal arehes, 657 

Palatal muscles, 268, 661 

Palatal proeesses, maxilla, 144 

Palatine bones, 144, 150, 152 

Palatine foramina, greater/lesser, 144 

Palatine proeesses, maxilla, 150 

Palatine tonsils, 612 

Palatoglossus areh, 657 

Palatoglossus, 267 

Palatopharyngeal areh, 657 

Palatopharyngeus, 268, 661 

Pallideetomy, 448 

Pallor, 106 

Palmar/palma, 15 

Palmar areh, superficial/deep, 582 

Palmar interosseus, 298 

Palmaris muscles, brevis/longus, 292, 

294, 298 

Palmar vein, superficial/deep, 593 

Palmar venous areh, 593 

Palpebrae (eyelids), 491 

Palpebral conjunctiva, 491 

Palpebral fissure, 491 

Pampiniform plexus, testicular vein, 708 

Panereas 

digestive functions, 12, 652 
endoerine functions, 10, 518, 521 


enzymes produced by, 681 
gross anatomy, 518, 519, 679-680 
histology, 519, 681 
hormones produced by, 507 
regulation, 681 
Panereatie aeini, 680 
Panereatie artery, 680 
Panereatie eaneer, 686 
Panereatie duct, 680 
Panereatie islets, 518, 681 
Panereatie juice, 681 
Pancreaticoduodenal artery, inferior/ 

superior, 680 

Panereatie polypeptide (PP), 520 
Paneth eells, 671 
Pannus, 234 
Papillae 

dermal, 91 
renal, 689 
tongue, 478, 657 
Papillary ducts, 690, 694 
Papillary layer, dermis, 87, 93, 94 
Papillary muscles, 552, 554 
Pap smear, 729 
Paracortex, lymph node, 613 
Parafollicular eells (C thyroeytes), 

514-515 

Parahippoeampal gyrus, 431 

Parallel muscle, 250-251 

Parallel proeessing, 353 

Paramesonephrie duct, 785 

Paranasal sinuses, 11, 154-155 

Paraplegia, 366, 386 

Pararenal fat body, 688 

Parasagittal seetion, 18 

Paraspinal neuromuscular syndrome, 281 

Parasympathetie bloeking agents, 470 

Parasympathetie (eraniosaeral) division, 

autonomic nervous system 
aetivation, 462 
eomponents, 453, 459-461 
in heart rate eontrol, 562-563 
overview, 453, 459-460 
relationship with sympathetie division, 

462-465 

viseeral reflexes, 463-464 
Parathyroid eells, 514, 515 
Parathyroid glands, 10, 507, 514, 515, 773 
Parathyroid hormone (PTH), 118, 514, 

515, 522 

Paraventricular nucleus, hypothalamus, 

418, 419 

Paravertebral (sympathetie ehain) ganglia, 

450-451, 454 
Paresthesias, 375 
Parietal bones, 141, 143, 145 
Parietal branehes, thoraeie aorta, 585 
Parietal eells, 666, 667 
Parietal decidua, 746 
Parietal eminenee, 143, 145 
Parietal layer 

pericardium, 548 
renal corpuscle, 692 
Parietal lobe, 424, 425, 426 
Parietal peritoneum, 19, 654 
Parietal pleura, 19, 642 
Parieto-oeeipital sulcus, 425 
Parotid duct, 658 
Parotid glands, 658 

Pars distalis, adenohypophysis, 508, 511 
Pars intermedia, adenohypophysis, 508, 

511 

Pars tuberalis, adenohypophysis, 508, 511 

Parturition, 752 

Patella, 121, 193, 225, 255 


Patella/patellar, 15, 16 
Patellar ligament, 193, 225 
Patellar reflex, 380, 382 
Patellar surface, femur, 193 
Patellofemoral joint, 225 
Patellofemoral pain syndrome, 199 
Pathologists, 85 
Pathology, 7 
Pathophysiology, 26 
Peetinate muscles, 5 54 
Peetineal line, 185, 193 
Pectineus, 193, 304, 306 
Peetoral fat pad, 730 
Peetoral girdle 
bones, 174-177 
joints, 225 
movements, 175 
muscles, 286-289 
Peetoralis major, 290 
Peetoralis minor, 287, 289 
Peetoralis muscles, 250 
Peetoral nerve, 289, 290, 374 
Pedal/pes, 15, 16 
Pedieles, vertebrae, 158 
Pelvie/pelvis, 15, 16 
Pelvie (hip) bones, 184, 185, 228 
Pelvie brim, 185 
Pelvie eavity, 19, 22-23, 337 
Pelvie diaphragm, 277-278 
Pelvie floor, 277-278 
Pelvie girdle 

age-related ehanges, 199 
bones, 184-190 
joints, 228 
muscles, 303-306 
Pelvie inlet, 185 
Pelvie nerves, 460 
Pelvie outlet, 185, 190 
Pelvie surface, saemrn, 165 
Pelvis 

arteries, 587 
bones, 185-190 
eross-seetional anatomy, 337 
greater/lesser, 185 
lymphatie drainage, 615 
muscles, 277-278, 303-306 
nerves, 374, 376-379 
sex differenees, 185, 190, 198 
surface anatomy, 332 
veins, 594 

Penile (spongy) urethra, 702 
Penis, 13, 718-719 
Pennate muscle, 250 
Pepsin, 668 
Pepsinogen, 668 
Peptie ulcer, 668 
Peptidases, 681 
Peptide hormones, 508 
Pereeption, 472 
Perforating eanals, 110 
Perforating fibers, 113 
Perieardial artery, 585 
Perieardial eavity, 19, 22-23, 548 
Perieardial fluid, 548 
Periearditis, 85, 552 
Pericardium, 19, 71, 546-548 
Perichondrium, 67 
Perikaryon, 340, 348 
Perilymph, 482 
Perimetrium, 726 
Perimysium, 236 

Perinephrie fat (perirenal fat capsule), 

688 

Perineum, 185, 277-278 
Perineurium, 366 
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Perinuclear spaee, 38 
Periodontal disease, 686 
Periodontal ligament, 204, 639 
Periosteal eranial dura, 408 
Periosteal vessels, 114 
Periosteum, 68, 111, 112-113 
Peripheral adaptation, 472 
Peripheral artery disease (PAD), 569 
Peripheral nerves, 343, 345, 367-368 
Peripheral nervous system (PNS) 
anatomieal organization, 367 
development, 768 
divisions, 339. See also Autonomic 

nervous system; Somatie 
nervous system 
functions, 9, 339, 340, 341 
Peripheral neuropathies, 375 
Peripheral proteins, 30 
Perirenal fat capsule (perinephrie fat), 688 
Peristalsis, 653-654 
Peristaltie wave, 653 
Peritoneal eavity, 19 
Peritoneal dialysis, 699 
Peritoneum, 19, 71, 654-655 
Peritonitis, 85 
Peritubular eapillaries, 690 
Permanent teeth, 659, 660 
Permeability, 30, 32, 33 
Peroneus muscles, 309 
Peroxisomes, 29, 42 
Perpendicular plate 

nasal septum, 144, 149 
palatine bone, 152 
Petrosal (inferior) ganglion, 440 
Petrosal nerve, 439 
Petrosal sinuses, 592 
Petrous part, temporal bone, 143, 147 
Peyer’s patehes (aggregated lymphoid 

nodules), 612, 672 
Phagoeytosis, 33 
Phalanges 

of foot, 197, 228 
of hand, 182, 225 

Pharyngeal (gill) arehes, 4, 629, 758, 773 

Pharyngeal elefts, 773 

Pharyngeal eonstrietor muscles, 267, 

268, 661 

Pharyngeal opening, auditory tube, 629 
Pharyngeal phase, swallowing, 661 
Pharyngeal plexus, 268 
Pharyngeal pouches, 773 
Pharyngeal tonsil, 612 
Pharyngotympanie tube (auditory tube), 

143, 148, 480, 482 

Pharynx 

digestive functions, 12, 652 
rmiseles, 267-268, 661 
regions, 629 
respiratory functions, 11 
swallowing proeess, 661 
Phasie reeeptors, 472 
Pheoehromoeytoma, 522 
Pheromones, 99 
Phlebitis, 602 
Phlebotomist, 544 
Phospholipid bilayer, 30 
Phosphoms, in human body, 5 
Photophobia, 505 
Photoreeeptors, 498 
Phrenie artery, inferior/superior, 522, 

585, 587 
Phrenie nerve, 370 
Phrenie vein, 594 
Physiology, 2 
Pia mater, 364, 409 


Pigment, epidermal, 91-92 
Pigmented layer, retina, 496, 497 
Pineal gland 

anatomy and histology, 524 
blood brain barrier and, 409 
endoerine functions, 10, 417, 507, 

520-521 

Pinealoeytes, 521 
Pinoeytosis, 33 
Piriformis, 304, 306 
Pisiform, 182 

Pituitary gland (hypophysis) 
anterior lobe, 508-509, 511 
development, 774 
endoerine functions, 10 
gross anatomy, 404, 508, 511 
histology, 511 

hormones produced by, 507, 511, 512 
hypophyseal portal system and, 510 
hypothalamus and, 510 
posterior lobe, 509, 511 
Pituitary growth failrne, 126, 522 
Pivot joints, 209 
Plaeenta, 742, 747, 748 
Plaeenta abmptio, 790 
Plaeental circulation, 746 
Plaeental stage, labor, 754 
Plaeenta previa, 755 
Plaeentation, 742, 745-746, 747 
Plane joints, 209 
Planes, anatomieal, 18-19, 24 
Planta/plantar, 15, 16 
Plantar aponemosis (plantar faseia), 315 
Plantar areh, 595 
Plantar artery, medial/lateral, 587 
Plantar flexion, 207, 211 
Plantar interossei, 315, 316 
Plantaris, 315 
Plantarvein, 594 
Plantar venous areh, 594 
Plaque 

atheroselerotie, 569 
eoronary, 558 
Plasma, 529-531 

Plasma eells (plasmoeytes), 608, 609 
Plasma expanders, 539 
Plasma membrane 
aetive proeesses, 33 
extensions, 29, 31 
passive proeesses, 32 
permeability, 30-31 
reeeptors, 458, 462 
structure, 29, 30 
Plasma proteins, 530, 531 
Plastieity, 652 

Platelets, 65, 67, 529, 532, 536-537 
Platysma, 264 
Plerna, 19, 71, 642 
Plemal eavity, 19, 22-23, 642, 780 
Plemal fluid, 642 
Plemitis (plemisy), 85, 642 
Plemoperieardial membrane, 780 
Plieae (circular folds), 651, 669 
Pnemnatized bones, 121 
Pneumotaxic eenter, 415, 643 
Podoeytes, 693 
Polar body, 724 

Polarity, epithelial tissue, 50, 52 
Polio, 235, 258 
Pollex, 15, 182 

Polyeystie kidney disease, 706 
Polyeystie ovary syndrome (PCOS), 738 
Polyeythemia, 538 
Polydaetyly, 790 
Polymyositis, 623 


Polyps, 686 
Polyspermy, 740 
Polysynaptie reflex, 380, 381 
Polymia, 520 
Pons 

development, 404, 405 
functions, 399, 404, 405, 414-415 
gross anatomy, 415 
overview, 404, 405 

respiratory eenters, 414, 415, 643, 645 
Popliteal/popliteus, 15 
Popliteal artery, 587 
Popliteal ligaments, 225 
Popliteal line, tibia, 193 
Popliteal lymph nodes, 613 
Popliteal smfaee, femur, 193 
Popliteal vein, 594 
Popliteus, 193, 308, 310 
Porphyria, 106 
Portal system 

hepatie, 594-596 
hypophyseal, 510 
Portal triad, 678, 679 
Portal vessels, 510 

Positive end-expiratory pressme (PEEP), 642 
Posteentral gyrus, 42 5 
Posterior, 17 
Posterior eavity, eye, 492 
Posterior ehamber, eye, 495 
Posterior columns, 388-389, 392-393 
Posterior eompartment 
lower limb, 319-321 
upper limb, 301-302 
Posterior emeiate ligament (PCL), 225 
Posterior fontanelle, 156 
Posterior interventricular braneh, right 

eoronary artery, 559 

Posterior left interventricular braneh, left 

eoronary artery, 559 
Posterior lobe, pituitary gland, 509, 511 
Posterior nuclei, thalamus, 418 
Posterior seetion, 18 
Posterior vein, left ventriele, 559 
Postganglionie fibers, 350, 450, 456 
Postnatal development, 740 
Postmal orthostatie taehyeardia syndrome 

(POTS), 466 
Postmal reflex, 380 
Potassium, in human body, 5 
Pott’s fraetme, 123, 229 
Preeapillary sphineter, 572 
Preeentral gyrus, 42 5 
Precocious puberty, 522 
Pre-eelampsia, 790 
Pre-embryo, 742 

Pre-embryonie development, 740-741 
Prefrontal cortex, 427 
Prefrontal lobotomy, 428 
Preganglionie fibers, 350, 450, 455 
Preganglionie nemons, 452, 453, 454- 

455, 459 

Pregnaney 

first trimester. See First trimester 
folie aeid in, 161 

growth of uterus and fetus dming, 

749, 753 

hormonal ehanges dming, 733 
mammary gland development dming, 

732-733 

seeond trimester, 746, 750-751, 752 
spinal emves in, 166 
teratogens in, 744 

third trimester, 746, 749, 750-751, 752 
Prematme delivery, 754 
Prematme ejaculation, 738 


Prematme labor, 754 
Prematme menopause, 733 
Premenstmal dysphorie disorder (PMDD), 

738 

Premenstmal syndrome, 738 
Premolars, 659 
Premotor cortex, 42 5 
Prenatal development, 740, 742-751. 

See also Development 
Pre-optie area, hypothalamus, 418, 419 
Prepuce 

elitoris, 730 
penis, 719 

Preputial glands, 719 

Presbycusis, 487 

Presbyopia, 493 

Pressme reeeptors, 474 

Prevertebral (eollateral) ganglia, 450, 

451, 457 

Prieking (fast) pain, 473 
Primary fissme, cerebellum, 422 
Primary germ layers, 78 
Primary lymphatie structures, 604 
Primary lysosomes, 40 
Primary motor cortex, 42 5 
Primary ooeyte, 721 
Primary ossifieation eenter, 116 
Primary ovarian folliele, 721, 723 
Primary respiratory muscles, 643, 644 
Primary sex eords, 787 
Primary somatosensory cortex, 425 
Primary taste sensations, 479 
Primary villi, trophoblast, 743 
Prime mover (agonist), 251 
Primitive streak, 81, 744 
Primordial germ eells, 787 
Primordial lymph saes, 778 
Primordial ovarian folliele, 721 
Proeems, 264 
Proeess, 124 

mandible, eondylar/eoronoid, 145, 153 

mastoid, 143, 147-150 

maxilla 

alveolar, 144, 150 
frontal, 150 
palatal, 144 
palatine, 150 

palatine bone, orbital, 153 
radius, styloid, 177 
saemm, superior articular, 162 
scapula, eoraeoid, 174 
sphenoid 

elinoid, 144, 148-149 
pterygoid, 144, 149 
sternum, xiphoid, 168 
temporal bone 
styloid, 143, 148 
zygomatie, 143, 147 
ulna 

eoronoid/oleeranon, 177 
styloid, 177 
vertebrae 

articular, 158, 162 
eostal, 161 
vertebral areh 
spinous, 158 
transverse, 158 

zygomatie bone, temporal, 144, 147 
Profundus, 253 
Progesterone, 521 
Progestins, 508 
Projeetion fibers, 429 
Prolaetin (PRL), 508-509, 512, 
Proliferative phase, uterine eyele, 727, 728 
Promontory, saeral, 162 
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Pronation, 182, 207, 211 
Pronator quadratus, 292, 294 
Pronator teres, 292, 294 
Prone, 14 

Pronephrie ducts, 783 
Pronephros, 783 

Pronucleus, male/female, 740, 741 
Propagate, 351 
Prophase, 44, 45 
Proprioeeptors, 350, 473, 476 
Proseneephalon, 404, 769 
Prosopagnosia, 448 
Prostate, 13, 716, 717 
Prostatie fluid, 716 
Prostatie urethra, 702 
Proteetive reflex, 645 
Proteinases, 681 
Proteins 
earrier, 32 
in human body, 5 
membrane, 30 
plasma, 530, 531 
transmembrane, 30 
Proteolytie enzymes, 681 
Protraetion, 207, 

Proximal, 17 

Proximal convoluted tubule (PCT), 690, 

693, 694, 695 
Pseudohermaphrodites, 738 
Pseudopodia, 33 

Pseudostratified eiliated columnar 

epithelium, 54, 57 
Pseudounipolar neuron, 348, 349 
Psoas major, 304, 306 
Psyehogenie ereetion, 465 
Psyehosis, 448 

Pterygoid eanal, sphenoid, 149 

Pterygoid muscles, lateral/medial, 267 

Pterygoid proeess, sphenoid, 144, 149 

Pterygopalatine ganglion, 439, 460 

Pubic/pubis, 15, 16 

Pubic erest, 185 

Pubic symphysis, 185, 228 

Pubic tubercle, 185 

Pubis, 185 

Pubococcygeus, 277 

Pubofemoral ligament, 223 

Pudendal artery, internal/external, 711 

Pudendal nerve, 277, 377 

Pudendal vein, 594 

Pulled groin, 304 

Pulleys 

anatomieal, 253, 255 
meehanieal, 255 
Pulmonary artery, left/right, 554 
Pulmonary circuit, 546, 575-576 
Pulmonary embolism, 598 
Pulmonary groove, 779 
Pulmonary plexus, 462 
Pulmonary trunk, 554 
Pulmonary (semihmar) valve, 554, 555 
Pulmonary vein, left/right, 554, 576 
Pulmonary ventilation, 643, 644 
Pulp, spleen, 618 
Pulp eavity, tooth, 659 
Pulvinar nuclei, thalamus, 418 
Puncta, laerimal, 492 
Pupil, 496 
Pupillary reflex, 465 
Purkinje eells, 422 
Purkinje fibers, 560 
Putamen, 429, 430 
Pyelitis, 703 
Pyelogram, 698 
Pyelonephritis, 703 


Pylorie antmrn, 663, 665 
Pylorie eanal, 663, 665 
Pylorie orifiee, 663, 665 
Pylorie sphineter, 663, 669 
Pylorie stenosis, 686 
Pyloms, 663 

Pyramidal eells, 396, 425 
Pyramidal (eortieospinal) traets, 391, 

394-396 
Pyramids, 394 

Q 

Quadrants, abdominopelvie, 16 

Quadrate ligament, 221 

Quadrate lobe, liver, 677 

Quadratus femoris, 304 

Quadratus lumborum, 271, 273 

Quadratus plantae, 315, 316 

Quadriceps femoris (quadriceps muscles), 

193, 255, 307 

Quadriceps tendon, 193, 225, 255 
Quadriplegia, 366 

R 

Radial artery, 582 

Radial artery, uterus, 727 

Radial eollateral ligament, 219, 221 

Radial fossa, humerus, 177 

Radial groove, humerus, 177 

Radial head, radius, 177 

Radial nerve, 177, 296, 371, 374 

Radial nerve palsy, 375 

Radial noteh, ulna, 177 

Radial tuberosity, radius, 177 

Radial vein, 593 

Radiation, ultraviolet, 92 

Radioearpal joint, 221, 225 

Radioearpal ligament, palmar/dorsal, 221 

Radiodensity, 20 

Radiographie anatomy, 6, 23 

Radiologieal procedures, 20-21 

Radiologist, 20 

Radio-ulnar joints, 177, 221, 225 
Radius, 177, 180-181, 225 
Ramus, 124 

hip bone, isehial, 185 
mandible, 145, 153 
pubis, inferior/superior, 185 
Raphe, 251, 710 

Raynaud’s disease/phenomenon, 459, 602 
Reeeptive (sensory) aphasia, 428 
Reeeptive field, 472 
Reeeptive speeeh area, 428 
Reeeptor-mediated endoeytosis, 33 
Reeeptors, 339, 341 
encapsulated, 474 
fast-adapting, 472 
gustatory, 478-479 
olfaetory, 476, 477 
sensory, 472-473 
slow-adapting, 472 
taetile, 474, 475 
unencapsulated, 474 
Reeeptor site, 32 
Reeeptor speeifieity, 472 
Reemitment, 247 
Reetal vein, 595 
Recto-uterine pouch, 721 
Rectum, 673, 674 
Rectus, 252 

Rectus abdominis, 273, 275 
Rectus femoris, 250, 307, 310 
Rectus muscles 

abdominal, 273-274, 275 


eervieal, 275 
extra-ocular, 264, 265 
thoraeie, 275 

Red blood eells (erythroeytes; RBCs) 
abundance, 531, 532 
eharaeteristies, 532 
functions, 65, 529, 531, 532 
hemoglobin and, 532-533 
histology, 67, 533 
life span and circulation, 532 
structure, 532 

Red bone marrow, 109, 541, 609 

Red (slow) fibers, 249 

Red nucleus, meseneephalon, 415, 416 

Red pulp, spleen, 618 

Referred pain, 473 

Reflex, 341 

elassifieation, 380-382 
eranial, 444 
definition, 374 
integration, 380 
myenterie, 653 
spinal, 380, 381 
steps, 374, 380 
viseeral, 381, 444, 463-464 
Reflex are, 374, 380 

Reflex eenters, medulla oblongata, 413, 414 

Reflex ereetion, 465 

Refraetive error, 493 

Regeneration, neural tissue, 350, 351 

Regional anatomy, 1, 2, 26 

Regulatory hormones, 510 

Regulatory T eells, 608 

Regurgitation, valve, 555 

Releasing hormones (RH), 510 

Remodeling, bone, 119-120 

Renal area, spleen, 618 

Renal artery, 587, 689 

Renal columns, 689 

Renal corpuscle, 692-693, 694, 696 

Renal cortex, 689, 692 

Renal failure, 699 

Renal faseia, 688 

Renal medulla, 689 

Renal nerves, 690 

Renal papilla, 689 

Renal pelvis, 689 

Renal pyramids, 689 

Renal sinus, 688-689 

Renal tubule, 690, 695 

Renal vein, 594, 690 

Renin, 518 

Rennin, 668 

Reposition, 207 

Reproductive eells (sex eells), 28 
Reproductive system 

development, 751, 785 
female. See Female reproductive system 
male. See Male reproductive system 
organization, 708 
overview, 7 
Respiration, 7 

Respiratory bronehioles, 638 
Respiratory eenters, 414, 415, 643, 645 
Respiratory defense system, 627 
Respiratory distress syndrome (RDS), 642 
Respiratory epithelimn, 626-627 
Respiratory membrane, 640 
Respiratory muscles, 643, 644 
Respiratory rhythmieity eenters, 413, 414, 643 
Respiratory system 
aging and, 645 
ehanges at birth, 643, 755 
development, 751, 779-780 
epithelimn, 626-627 


functions, 626 
larynx. See Larynx 
lower, 625-626, 630-642 
lung. See Lung 
main bronehi, 632-633 
overview, 7, 11, 625-626 
pleural eavities and pleural 

membranes, 642 
pulmonary ventilation, 643, 644 
respiratory eenters of the brain, 413, 

414, 643, 645 

respiratory movements, 643 
respiratory muscles, 643 
traehea, 11, 632, 633, 638 
upper, 625, 627-629 
Respiratory traet, 625-626 
Responsiveness, 7 
“Rest and digest” division. See 

Parasympathetie (eraniosaeral) 
division, autonomic nervous 
system 

Rete testis, 711 

Reticular eells, epithelial, 616 
Reticular fibers, 63 

Retiailar formation, 396, 398, 414, 415, 

416, 431, 432 
Reticular lamina, 52 
Reticular layer, dermis, 87, 93, 94 
Retioilar tissue, 64, 65 
Reticulospinal traets, 391, 395, 396, 398 
Retina (inner layer), 496-498 
Retinal detaehment, 493 
Retraetion, 207, 211 
Retroflexion, uterus, 725 
Retroperitoneal organs, 655 
Reverberation, 353 
Rhabdomyosareoma, 77 
Rheumatism, 231 
Rhinoplasty, 649 
Rhinovims, 624, 649 
Rh-negative blood, 533 
Rhombeneephalon, 404, 769 
Rhomboid, 287, 289 
Rh-positive blood, 533 
Ribosomes, 29, 36, 37 
Ribs, 167-168 
Ribs (eostae), 216 
RICE (rest, iee, eompression, and 

elevation), 258 
Riekets, 126 

Ridge, supracondylar, medial/lateral, 193 

Right atrium, 553-554 

Right bundle braneh, 560 

Right eolie flexure, 674 

Right eoronary artery (RCA), 555, 559 

Right lower quadrant (RLQ), 16 

Right lymphatie duct, 607, 608 

Right marginal braneh, right eoronary 

artery, 555 

Right rotation, 207, 211 

Right upper quadrant (RUQ), 16 

Right ventriele, 554-555 

Rigor mortis, 243 

Risorius, 253, 264 

Rods, 498 

Root 

lung, 632 
penis, 719 
tongue, 657 
tooth, 659 
Root eanal, 659 
Root hair plexus, 98, 474, 475 
Root sheath, hair folliele, 96 
Rosaeea, 106 

Rotation, 207, 208, 211, 216 
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Rotator cuff, 217, 290 

Rotatores muscles, 270, 271 

Rough endoplasmie reticulum (RER), 29, 

39-40 

Rouleaux, 532 
Round ligament 
liver, 679 
uterus, 725 
Round window, 482 
Rubrospinal traets, 391, 395, 398 
Ruffini (bulbous) corpuscles, 474, 475 
Rugae 

stomaeh (gastrie folds), 663, 665 
vagina, 730 


s 

Saccule, 482, 485 

Saeral artery, median, 587 

Saeral eanal, 162 

Saeral cornua, 164 

Saeral erest, lateral/median, 164 

Saeral curve, 158, 159 

Saeral foramina, 164 

Saeral hiatus, 164 

Saeral nerve, 277 

Saeral plexus, 369, 374, 378-379 

Saeral promontory, 162 

Saeral sparing, 366 

Saeral tuberosity, 165 

Saeral vein, lateral/median, 594 

Saeral vertebrae, 162 

Saeroeoeeygeal joint, 216 

Saero-iliae joint, 165, 185, 228 

Saemrn, 162, 164-165, 166, 216 

Saddle joints, 209 

Sagittal plane, 18 

Sagittal sinuses, inferior/superior, 408, 




Sagittal suture, 140 
Salivary amylase, 655 

Salivary glands, 12, 60, 154, 652, 658-659 
Salpingitis, 738 
Salpingopharyngeus, 268 
Saphenous vein, great/small, 594 
Sareolemma, 74, 238 
Sareoma, 77 

Sareomere, 240, 241-243, 244-245 
Sareoplasm, 74, 238 
Sareoplasmie reticulum, 238, 244 
Sartorius, 253, 307, 310 
Satellite eells, 343, 345 
Seab, 101 

Seala tympani, 485 
Seala vestibuli, 485 
Sealene muscles, anterior/middle/ 

posterior, 273, 275 
Seales, in anatomy, 3 
Sealp, 262, 264 

Seanning eleetron mieroseopy, 3 

Seaphoid, 182 

Scapula, 174, 176-177, 225 

Scapular nerve, dorsal, 289, 374 

Scapular spine, 177 

Scapular triangle, 174 

Sear tissue, 101, 102 

Schwann eells, 343, 344, 346-347 

Seiatiea, 375 

Seiatie nerve, 377 

Seiatie noteh, greater/lesser, 185 

Selera, 495-496 

Seleral venous sinus, 499 

Seleroderma, 106 

Selerotherapy, 602 

Selerotome, 760 

Seoliosis, 166 


Serotal eavity, 710 
Serotal swellings, 786 
Scrotum, 13, 710-711 
Sebaceous follieles, 98, 100 
Sebaceous glands, 8, 60, 96, 98, 100 
Seborrheie dermatitis, 98 
Sebum, 98 

Seeondarily retroperitoneal organs, 655 
Seeondary (lobar) bronehi, 635 
Seeondary lymphatie structures, 604 
Seeondary lysosomes, 40 
Seeondary ooeyte, 724 
Seeondary ossifieation eenter, 117 
Seeondary ovarian folliele, 723 
Seeondary proeesses, 693 
Seeond-elass lever, 254 
Seeond-order neuron, 389, 390 
Seeond trimester, 742, 746, 750-751, 752 
Seeretin, 668 

Seeretory phase, uterine eyele, 728, 729 
Seeretory sheet, 56, 58 
Seeretory vesieles, 41 
Seetional anatomy. See Cross-sectional 

anatomy 
Seetional planes, 18 
Segmental artery, kidney, 689-690 
Segmental bronehi, 635 
Segmentation, 653-654 
Seleetively permeable membrane, 31 
Sella turcica, 144, 148-151 
Semen, 719 

Semicircular eanals, 482, 483-485 
Semieirailar ducts, 483, 484, 485 
Semihmar ganglion, 437 
Semihmar (troehlear) noteh, ulna, 177 
Semimembranous, 307, 310 
Seminal fluid, 716, 719 
Seminal glands (seminal vesieles), 13, 

716, 717 

Seminalplasmin, 716 
Seminiferous tubules, 711, 713 
Semispinalis muscle, eapitis/eervieis/ 

thoraeis, 270, 271, 272 
Semitendinosus, 307, 310 
Senile dementia (senility), 432 
Sensation, 388, 472 
Sense organs, 472, 750. See also speeifie 

senses 

Sensible perspiration (sweat), 99 
Sensitized, 534 

Sensorineural hearing loss, 487 

Sensory (peripheral) adaptation, 472 

Sensory (reeeptive) aphasia, 428 

Sensory eoding, 472 

Sensory homunculus, 390, 394 

Sensory modality arrangement, 390 

Sensory nerve testing, 372 

Sensory neurons, 341, 350 

Sensory nuclei, 364 

Sensory reeeptors, 8, 472-473 

Sensory traets. See Aseending (sensory) traets 

Sentinel node, 623 

Separation, shoulder, 219 

Septa 

lung, 635 
thymus, 616 
Septa testes, 719 
Septieemia, 544 
Septum pellucidum, 406 
Serial proeessing, 353 
Serial reeonstmetion, 18, 19 
Serosa, 652 
Serous glands, 5 5 
Serous membranes, 71-72 
Serous pericardium, 19, 548 


Serratus anterior, 287, 289 
Serratus posterior muscle, inferior/ 

superior, 275 

Sertoli (nurse) eells, testes, 521, 712, 714 

Serum, 531 

Sesamoid bone, 121 

Sex eells, 28 

Sex differenees 

pelvis, 185, 190, 198 
skeleton, 198 
skull, 198 

Sex hormones. See Estrogens; Testosterone 
Sexual arousal, 465 
Sexual dysfunction, 465 
Shaft. See also Body 
humerus, 177 
penis, 719 
ulna, 177 

Shallow (eostal) breathing, 643 
Sharpey’s (perforating) fibers, 113 
Shin splints, 315 
Shock-wave lithotripsy, 706 
Short bones, 121 
Short reflex, viseeral, 464 
Shoulder complex, 216-219 
Shoulder girdle. See Peetoral girdle 
Shoulder (glenohumeral) joint 
aetion lines, 285 
bones, 174-177 
bursae, 217, 219 
injuries, 219 
joints, 225 
ligaments, 217 
movements, 225, 284 
muscles and tendons, 217, 284, 

287-289, 291 
structure, 217-219 
surface anatomy, 330 
Shunt muscle, 285 
Siekle eell disease, 538 
Sigmoid eolon, 655 
Sigmoid mesoeolon, 655 
Sigmoid sinus, 592 
Signs, 7 

Simple alveolar gland, 59 

Simple branehed alveolar gland, 59 

Simple branehed tubular gland, 59 

Simple eoiled tubular gland, 59 

Simple columnar epithelium, 54, 56 

Simple cuboidal epithelium, 54, 5 5 

Simple epithelium, 53 

Simple (elosed) fracture, 122 

Simple glands, 58, 59 

Simple squamous epithelium, 53-54 

Simple tubular gland, 59 

Sinoatrial (SA) node (eardiae paeemaker), 

560, 562 

Sinus, 124 

cavernous, 592 
dural, 408 

frontal, 143, 145, 154 
maxillary, 144, 150, 154 
paranasal, 11, 154-155 
sagittal, 408, 590 
sigmoid, 592 
sphenoidal, 154 
straight, 592 
transverse, 409 
Sinusoids, 572, 573 
Skeletal muscle 
aetions, 251-252 
aging and, 253 
blood vessels, 237 
eonneetive tissue, 236 
eontraetion, 243-247 


fibers 

distribution, 249 
mieroanatomy, 238-243 
organization, 249-251 
types, 248-249 
functions, 236 
gross anatomy, 236-237 
innervation, 237-238 
levers and pulleys, 253, 254 
motor units and muscle eontrol, 247-248 
names, 252-253 
origins and insertions, 251 
properties, 236 
Skeletal muscle pump, 574 
Skeletal muscle tissue. See also 

Appendicular musculature; 
Axial musculature 
fibers, 74, 75 
functions, 9, 75 
loeations, 75 

Skeletal system. See also Bone 
age-related ehanges, 120, 199 
appendicular division. See 

Appendicular skeleton 
axial division. See Axial skeleton 
eongenital disorders, 126 
development, 750 
examination, 127 
functions, 108 
individual variation, 197 
integration with other systems, 125 
joints. See Joints 
overview, 7, 8 
sex differenees, 198 
Skin. See also Integumentary system 
aging and, 102-103 
blood supply, 3-94 
eaneers, 94 
eolor, 91-92 
dermis. See Dermis 
development, 750, 756 
epidermis. See Epidermis 
functions, 8 
glands, 96-100 
hypodermis, 8, 73 
nerve supply, 94 
pigment eontent, 91-92 
repair of injuries to, 101 
structure and function, 87-88 
taetile reeeptors, 474, 475 
wrinkles, streteh marks, and tension 

lines, 92-93, 94 

Skull 

age-related ehanges, 199 
anterior view, 136 
eranial subdivision, 133, 143-146 
eross-seetional anatomy, 138-139 
development, 758-759 
faeial subdivision, 133, 144-147 
foramina and fissures, 142 
horizontal seetion, 138 
infant, 156, 157 
inferior view, 137 
joints, 216 
lateral view, 135 
neonate, 758 
posterior view, 134 
sagittal seetion, 139 
sex differenees, 198 
superior view, 134 
surface features, 143-147 
sutures, 134, 140 
in vertebrate body plan, 4 
Sliding filament theory, muscle 

eontraetion, 243, 244-245 
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Slow-adapting reeeptors, 472 
Slow fibers, 249 
Slow pain, 473 
Small eardiae vein, 559 
Small intestine 

fimetions, 12, 652 
gross anatomy, 668-669 
histology, 669-672 
regions, 669, 671 
regiilation, 672 
support, 669 
Smegma, 719 

Smell (olfaetion), 476-478, 711 
Smoking 

lung eaneer and, 638 
in pregnaney, fetal effeets, 744 
Smooth endoplasmie reticulum (SER), 29, 

39-40 

Smooth muscle eell, 74, 75 
Smooth muscle tissue 
digestive system, 541 
functions, 75, 236 
histology, 75 
loeations, 74, 75 
Sodium, in human body, 5 
Sodium—potassium exchange pump, 33 
Soft keratin, 96 
Soft palate, 627, 657 
Solar (eeliae) plexus, 462 
Soleal line, tibia, 193 
Soleus, 193, 309, 315 
Solitary nucleus, 413 
Soma (eell body), neuron, 76, 340, 342 
Somatie, 341 

Somatie eells, 28. See also Cell 
Somatie motor eontrol, 398-399 
Somatie motor neurons, 350 
Somatie nervous system (SNS) 

vs. autonomic nervous system, 450 
deseending traets. See Deseending 

(motor) traets 
functions, 339-340, 341 
Somatie reflexes, 381, 444 
Somatie sensory neurons, 350 
Somatie sensory reeeptors, 339, 341 
Somatosensory assoeiation area, 425 
Somatosensory traets. See Aseending 

(sensory) traets 
Somatostatin, 520 
Somatotropin. See Growth hormone 
Somites, 4, 760 

Sound deteetion, 486-487. See also 

Hearing 

Sounds of Korotkoff, 602 

Speeial senses, 9, 472, 750, 771-772. See 

also speeifie senses 
Speeial sensory reeeptors, 341 
Speeifie imrmmity, 536 
Speeeh eenter, 427 
Sperm, 708, 714 
Spermatie eords, 708 
Spermatids, 712, 714 
Spermatoeytes, primary/seeondary, 712 
Spermatogenesis, 711-712, 714 
Spermatogonia, 711 
Sperm count, 719, 740 
Spermiogenesis, 712, 713 
Sphase, 43 

Sphenoid (sphenoidal bone), 142, 144, 

148-149 

Sphenoidal fontanelles, 156 
Sphenoidal sinuses, 154 
Sphenoidal spine, 149 
Sphenomandibular ligament, 212 
Sphineter 


anal, 277, 674 
eharaeteristies, 250, 251 
digestive system, 652 
esophageal, 661 
hepatopanereatie, 672 
urethral, 277, 701, 702 
Sphineter of ampulla, 678 
Sphineter pupillae, 496 
Sphygmomanometer, 602 
Spicules (trabeculae), 111, 115, 635 
Spina bifida, 161, 171, 768 
Spinal anesthesia, 375 
Spinal eord 

eross-seetional anatomy, 335, 365 
development, 760-761, 767-768 
functions, 9 

gross anatomy, 361-363 
injuries, 366, 465 
in vertebrate body plan, 4 
Spinal curves, 158, 159 
Spinal flexors, 272-273 
Spinal fusion, 171 

Spinalis muscle, eervieis/thoraeis, 271, 272 
Spinal meninges, 361, 363 
Spinal nerves 

gross anatomy, 361, 363-364, 

366-367 

nerve plexuses, 367-374 
peripheral distribution, 367-368 
in urination, 465 
Spinal reflex, 380, 381 
Spinal shoek, 366 

Spinal tap (lumbar puncture), 328, 375 
Spindle apparatus, 35, 45 
Spindle fibers, 45 
Spine. See Vertebral column 
Spine, 124 
iliae, 185 
isehial, 185 
scapular, 177 

Spinoeerebellar traets, anterior/posterior, 

389, 393, 394 

Spinothalamie traets, lateral/anterior, 

389, 392-393, 394 
Spinous proeess, vertebrae, 158 
Spiral artery, uterus, 727 
Spiral CT sean, 21 
Spiral fracture, 122 
Spiral ganglion, 485 
Spiral organ, 486, 488-489 
Splanehnie nerves, greater/lesser/lumbar, 

451, 455 

Spleen, 11, 618-619, 630 
Splenie artery, 587, 618, 663 
Splenie (left eolie) flexure, 674 
Splenie vein, 595, 618 
Splenius eapitis, 270, 271 
Splenius eervieis, 270, 271 
Splenomegaly, 623 
Spongybone, 68, 70, 109-112, 115 
Spongy urethra, 702 
Sports injuries, 199, 294 
Spot desmosome, 42, 43 
Spotlights 

appendicular muscle function, 

284-285 

autonomic nervous system, 452-454 

blood vessels, 570-571 

braehial plexus, 371 

eardiae eyele, 561 

eervieal plexus, 370 

conducting system of the heart, 560 

endoehondral ossifieation, 116-117 

glandular seeretion, 60 

Golgi apparatus, 41 


hypothalamus and endoerine 

regulation, 510 

intramembranous ossifieation, 115 
joint motion, 208-209 
levers and pulleys, 254-255 
lumbar plexus, 376 
lymphoeyte formation and immunity, 

609 

membrane permeability and transport 

proeesses, 32-33 
mitosis, 45 

myelination, 346-347 
pituitary gland, 511 
renal corpuscle, 696 
respiratory muscles and pulmonary 

ventilation, 644 
saeral plexus, 377 
sliding filament theory, 244-245 
spinal eord traets, 390-391 
stomaeh, 664-665 
Sprain, 94 
Spurt muscle, 285 
Sputum, 649 
Squama, 143 

Squamous eell eareinoma, 77, 94 
Squamous epithelium, 53-54 
Squamous part 

frontal bone, 143, 145 
temporal bone, 143, 147 
Squamous suture, 140 
Stapedius, 482 
Stapes, 481, 482 
Stellate maerophages, 678 
Stem eells, 44, 53, 88, 476, 540 
Stereoeilia, 52 
Sternal end, elaviele, 174 
Sternoclavicular joint, 216-217, 225 
Sternoclavicular ligament, anterior/ 

posterior, 216 

Sternoeleidomastoid, 269, 270 

Sternoeostal (anterior) surface, heart, 550 

Sternohyoid, 269, 270 

Sternothyroid, 269 

Sternum, 168, 225 

Steroid hormones, 508 

Sterols, 30 

Stethoseope, 555 

Stiff person syndrome, 281 

Stomaeh 

blood supply, 663, 664 
eross-seetional anatomy, 336 
functions, 12, 652 
gross anatomy, 663-666 
histology, 666-668 
mesenteries, 664 
musculature, 665, 666 
regulation, 668 
Straight artery, uterus, 727 
Straight sinus, 592 
Straight tubule, testis, 711 
Strain, 94, 304 

Stratified columnar epithelium, 54, 56 
Stratified cuboidal epithelium, 54, 55 
Stratified epithelium, 53 
Stratified squamous epithelium, 53, 54, 55 
Stratum basale (stratum germinativum), 

88-89 

Stratum corneum, 89, 91 
Stratum granulosum, 89-90 
Stratum lucidum, 89, 90 
Stratum spinosum, 89 
Stress fracture, 107, 130, 199 
Streteh marks, 92 
Streteh reflex, 380, 382 
Striated involuntary muscle, 74 


Striated voluntary muscle, 74 
Stroke (cerebrovascular aeeident), 403, 

412, 448 
Stroma, ovary, 721 
Stupor, 448 
Sty, 491 

Styloglossus, 267 
Stylohyoid ligament, 156 
Stylohyoid, 269, 270 
Styloid proeess 
radius, 177 

temporal bone, 143, 148 
ulna, 177 

Stylomandibular ligament, 212 
Stylomastoid foramen, temporal bone, 

142, 143, 148 
Stylopharyngeus, 268, 661 
Subacromial bursa, 217 
Subarachnoid spaee, 364, 409 
Subcardinal vein, 776 
Subclavian artery, left/right, 579, 582 
Subclavian vein, 594 
Subclavius, 287, 289 
Subconscious, 341 

Subconscious motor pathways, 396-398 
Subcoracoid bursa, 219 
Subcutaneous injeetion, 95 
Subcutaneous layer (hypodermis; 

superficial faseia), 8, 73, 88, 
93, 94-95, 301 
Subdeltoid bursa, 219 
Subdural hematoma, 411 
Subdural spaee, 364, 409 
Sublingual ducts, 658 
Sublingual glands, 658 
Subluxation, 206 
Submandibular ducts, 658 
Submandibular fossa, 154 
Submandibular ganglion, 439, 460 
Submandibular glands, 658 
Submucosa 

digestive system, 651 
esophagus, 663 
traehea, 632 

Submucosal neural plexus, 651 
Subpapillary plexus, 94 
Subscapular bursa, 219 
Subscapular fossa, scapula, 174 
Subscapularis, 290 
Subscapular nerve, 290, 374 
Subserous faseia, 73, 301 
Substantia nigra, 415, 416 
Sulcus 

eerebmm, 406, 424 
eoronary, 550 
Sulcus, 124. See also Groove 
Sulfur, in human body, 5 
Superciliary arehes, frontal bone, 145 
Superficial, 17 

Superficial anatomy, 14-17. See also 

Surface anatomy 
Superficial eompartments 
lower limb, 319-321 
upper limb, 301-302 
Superficial faseia (hypodermis; 

subcutaneous layer), 8, 73, 88, 
93, 94-95, 301 
Superficialis, 253 
Superficial lymphaties, 606-607 
Superior, 17 
Superior ganglion 

glossopharyngeal nerve, 440 
vagus nerve, 440 
Superior mesenterie artery, 587 
Superior mesenterie ganglion, 451, 457 
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Superior mesenterie vein, 595 
Superior oblique, 264, 265 
Superior rectus, 264, 265 
Superior sagittal sinus, 408, 590 
Superiorvena eava, 553, 590, 594 
Supination, 182, 207, 211 
Supinator muscle, 292, 294 
Supine, 14 
Supporting eells 
inner ear, 483 
olfaetory, 476 

Supporting eonneetive tissues 
bone. See Bone 
eartilage. See Cartilage 
definition, 67 
development, 80 
functions, 67 

Suprachiasmatic nucleus, hypothalamus, 

418, 419, 500 
Supraclavicular nerve, 370 
Supracondylar ridge, medial/lateral, 193 
Supraglenoid tubercle, scapula, 177 
Supra-optic nucleus, hypothalamus, 418, 

419 

Supra-orbital foramen (noteh), frontal 

bone, 142, 143, 145 

Supra-orbital margins, frontal bone, 143, 

145 

Suprarenal gland. See Adrenal 

(suprarenal) gland 
Suprascapular nerve, 374 
Suprascapular noteh, scapula, 174 
Supraspinatus, 177, 290 
Supraspinous fossa, scapula, 177 
Supraspinous ligament, 215 
Sura/sural, 15, 16 
Surface anatomy, 2, 23, 326 
abdomen, 329 
baek and shoulders, 328 
head and neek, 326-327 
heart, 550-551 
lower limb, 332-333 
pelvis, 332 
skull, 143-147 
thorax, 328 
upper limb, 330-331 
Surface antigens, 533 
Surface features (bone markings), 121, 

124 



Surfactant, 638 
Surgical anatomy, 6, 23 
Surgical neek, humerus, 177 
Suspensory ligament 
breast, 732 
eye, 496 
ovary, 721 
uterus, 725 

Sutural bone, 121, 140 
Sutural ligament, 204 
Sutures, 134, 140, 204, 205 
Swallowing (deglutition), 632, 661 
Swallowing reflex, 465 
Sweat (sensible perspiration), 99 
Sweat glands, 8, 99-100 
Sympathetie aetivation, 457-458 
Sympathetie bloeking agents, 470 
Sympathetie ehain ganglia, 450-451, 454 
Sympathetie (thoracolumbar) division, 

autonomic nervous system 
aetivation, 457-458 
adrenal medulla, 450, 457 
eollateral ganglia, 450, 451, 457 
eomponents, 452, 454 
dysfunction, 459 
functions, 457-458 


in heart rate eontrol, 562-563 
neurotransmitter release and, 458 
overview, 450, 451, 452, 454-455, 458 
plasma membrane reeeptors and, 458 
relationship with parasympathetie 

division, 462-465 

sympathetie ehain ganglia, 450-451, 454 
viseeral reflexes, 463-464 
Symphysis, 204, 205 
Symptoms, 7 
Synapse, 351-352 
ehemieal, 351-352 
eleetrieal, 352-353 
neuroglandular, 352 
neuromuscular, 352 
Synaptie eleft, 243 
Synaptie vesieles, 243 
Synarthrosis, 204, 205, 216 
Synehondrosis, 204, 205, 216 
Syneope, 602 
Syneytiotrophoblast, 743 
Syncytium, functional, 548 
Syndesmosis, 204, 205 
Syndrome, 26 

Syndrome of inappropriate ADH seeretion 

(SIADH), 522 
Synergist, muscle, 252 
Synostosis, 204, 205 
Synovial fluid, 72, 204-205 
Synovial joints, 113, 204 

aeeessory structures, 205-206 
disloeation, 206 
functional elassifieation, 205 
movements, 207-211 
strength vs. mobility in, 206-207 
structural elassifieation, 205, 209 
structure, 205, 206 
synovial fluid, 204-205 
types, 204, 205 

Synovial membrane, 71, 72, 204 
Synovial tendon sheaths, 206, 296 
Systemie anatomy, 2 
Systemie circuit 
arteries, 576-590 
overview, 546, 576 
veins, 590-596 

Systemie lupus erythematosus (SLE), 623 
Systole, 559, 561 

T 

Tabes dorsalis, 386 
Table, flat bones 
external, 121 
internal, 121 
Taehyeardia, 562 
Taetile dises, 94, 474, 475 
Taetile corpuscles, 474, 475 
Taetile reeeptors, 474, 475 
Tail 

epididymis, 715 
panereas, 680 
sperm, 714 
Tail fold, 746 

Taloemral joint. See Ankle (taloemral) 

joint 

Talus, 196 
Target eells, 508 
Tarsal bones, 196, 197, 228 
Tarsal glands, 491 
Tarsal plate, 491 
Tarsometatarsal joints, 228 
Tarsus, 196, 197 
Tarsus/tarsal, 15, 16 
Taste, 478-479, 771 
Taste buds, 479 


Taste pore, 479 

Taste reeeptors (gustatory epithelial eells), 

478-479 

Teells, 536, 607-609 
Tear (laerimal) gland, 145, 492 
Teetorial membrane, 486 
Teetospinal traets, 391, 395, 396 
Tectum, meseneephalon, 415, 416 
Teeth, 659-660 
Teleneephalon, 404, 769 
Telodendria, 348 
Telophase, 44, 45 

Temporal bone, 142, 143, 145, 147-148, 

216 

Temporalis, 145, 267 
Temporal line, inferior/superior, 143, 145 
Temporal lobe, 424-425, 426 
Temporal proeess, zygomatie bone, 144, 

147 

Temporal vein, 592 

Temporomandibular joint, 153, 212, 216 

Temporoparietalis, 264 

Tendinitis, 294 

Tendinous inseriptions, 273 

Tendons 

ealeaneal, 196 
functions, 9, 65, 66, 206 
histology, 63, 65, 66 
quadriceps, 193, 225, 255 
shoulder joint, 217 
structure, 236-237 
synovial joint, 206 
Teniae eoli, 674 
Tenosynovitis, 203, 234 
Tensile strength, 63 
Tension, 63, 243 
Tension lines, skin, 93, 94 
Tensor faseiae latae, 304 
Tensor tympani, 482 
Tensor veli palatini, 268 
Tentorium eerebelli, 409 
Teratogens, 744 
Teres, 253 

Teres major, 252, 290 

Teres minor, 177, 290 

Terminal bronehioles, 635, 638 

Terminal eisternae, 241 

Terminal ganglia, 453 

Terminal hairs, 96 

Terminal segment, aorta, 585 

Terminal web, 31, 43 

Tertiary (segmental) bronehi, 635 

Tertiary folliele, 723 

Testes 

blood testis barrier, 712 
deseent, 708, 710 
development, 786 

endoerine functions, 10, 507, 520-521 
histology, 711 
position, 708, 710 
reproductive functions, 13, 711-714 
structure, 711 
Testicular artery, 587, 708 
Testicular eaneer, 716 
Testicular torsion, 707, 737 
Testicular vein, 594, 708 
Testis eords, 786 
Testosterone 

bone growth and, 118 
functions, 711 
seeretion, 520, 521 
Thalamus 

functions, 390, 399, 417-418, 490 
gross anatomy, 417 
overview, 404, 405 
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Theeal endoerine eells, 723, 724 
Therapeutic eloning, 790 
Thermoreeeptors, 473, 474 
Thermoregulation, 94, 100 
Thiek filaments, 35, 241-243 
Thiek skin, 90 

Thigh, 184. See also Lower limb 

Thin filaments, 241, 242 

Thin skin, 90 

Third-elass lever, 254 

Third-order neuron, 389, 390 

Third trimester, 742, 746, 749, 750-751, 

752 

Third ventriele, brain, 406 
Thirst eenter, 418 
Thoraeie/thoraeis, 15, 16 
Thoraeie aorta, 585 
Thoraeie aortie aneurysm, 585 
Thoraeie artery, internal/external, 579 
Thoraeie eage, 167-168 
Thoraeie eavity 

eontents, 19, 22-23 
eross-seetional anatomy, 335, 336, 642 
heart loeation, 547 
Thoraeie curve, 158, 159 
Thoraeie duct, 607 
Thoraeie lymph nodes, 613 
Thoraeie nerve, 289, 374 
Thoraeie vein, 594 
Thoraeie vertebrae, 158, 161, 162 
Thoraeodorsal nerve, 290, 374 
Thoracolumbar division, autonomic 

nervous system. See Sympathetie 
(thoracolumbar) division, 
autonomic nervous system 

Thorax 

arteries, 579-581 
surface anatomy, 328 
Thoroughfare ehannels, 572 
Threshold stimulus, 351 
Thrill, 602 

Thromboeytes. See Platelets 
Thromboeytopenia, 537 
Thromboeytosis, 537 
Thrombolytie, 544 
Thrombophlebitis, 602 
Thrombus, 598 
Thumb, 182 

Thymie corpuscles, 616, 617 
Thymie lobes, 616 
Thymosin, 516 
Thymus 

anatomy, 516, 616-617 
development, 773, 778 
endoerine functions, 10, 507, 516 
histology, 616-617 
lymphoid functions, 11, 609 
Thyroeervieal trunk, 579 
Thyroglobulin, 514 
Thyrohyoid, 269, 270 
Thyroid eartilage, 325, 509, 630 
Thyroideetomy, 527 
Thyroid follieles, 512 
Thyroid function tests, 527 
Thyroid gland 

C thyroeytes, 514-515 
development, 773 
endoerine functions, 10 
gross anatomy, 509, 513-514 
histology, 513 

hormones produced by, 507, 508, 514 
regulation, 514 
T thyroeytes, 512, 515 
Thyroid-stimulating hormone (TSH), 

508, 512 
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Thyrotropin-releasing hormone (TRH), 514 

Thyroxine (T 4 ), 514, 522 

Tibia, 193, 194-195 

Tibial artery, posterior/anterior, 587 

Tibialis muscle, anterior/posterior, 

309, 315 

Tibial eollateral ligament, 225 
Tibial nerve, 377 
Tibial tuberosity, tibia, 193 
Tibial vein, anterior/posterior, 594 
Tibiofemoral joint, 225 
Tibiofibular joint, proximal/distal, 

193, 228 

Tibiofibular ligaments, 228 

Tibiotalar joint, 228 

Tie douloureux, 438 

Tight junction, 42, 43 

Tinea, 106 

Tinnitus, 471, 505 

Tissue level of organization, 5, 6, 51 

Tissues 

aging and, 76 

eonneetive. See Connective tissue 
definition, 2, 50 
development, 78-80 
epithelial. See Epithelial tissue 
membranes. See Membranes 
overview, 50, 51 
primary types, 50 
Titin, 241 
Toes. See Foot 
Tommyjohn surgery, 219 
Tongue, 267, 657 

Tongue muscles, extrinsic/intrinsic, 657 

Tonie reeeptors, 472 

Tonofibrils, 89 

Tonsilleetomy, 611 

Tonsillitis, 611 

Tonsils, 611, 612 

Tooth soeket (alveolus), 659 

Tophi, 234 

Trabeculae (spicules), 111, 115, 635 
Trabeculae earneae, 554 
Trabecular artery, 619 
Traehea, 11, 632, 633, 638 
Traeheal eartilages, 632 
Traehealis, 632 
Traeheostomy, 325, 337, 638 
Traetion, 130 
Traets 

aseending. See Aseending (sensory) 

traets 

definition, 341, 361, 364 
deseending. See Deseending (motor) 

traets 

Trans (maturing) faee, 41 
Transfusions, 539 

Transient isehemie attaek (TIA), 448, 569 
Transitional epithelium, 54, 55, 57 
Transmembrane (integral) proteins, 30 
Transmission eleetron mieroseopy, 3 
Transplant, kidney, 699 
Transport globulins, 531 
Transport vesieles, 40 
Transudate, 72 

Transverse acetabular ligament, 223 
Transverse areh, foot, 197 
Transverse eervieal nerve, 370 
Transverse eolon, 674 
Transverse fibers, pons, 414, 415 
Transverse foramina, vertebrae, 161 
Transverse fracture, 122 
Transverse humeral ligament, 217 
Transverse ligament, axis, 162 
Transverse mesoeolon, 655 


Transverse perineal muscles, superficial/ 

deep, 277 
Transverse plane, 18 
Transverse proeess, vertebrae, 158 
Transverse seetion, 18 
Transverse sinus, 409 
Transverse tubules (T tubules), 238, 243 
Transversospinalis, 270, 271 
Transversus, 252 
Transversus abdominis, 275 
Transversus thoraeis, 273, 275 
Trapezium, 182 
Trapezius, 177, 287, 289 
Trapezoid, 182 

Traumatic brain injury (TBI), 411 
Tretinoin (Retin-A), 92 
Triad, 241 

Triaxial joint, 205, 208, 209 
Trieeps braehii, 177, 252, 292 
Tricuspid (right atrioventricular) valve, 

554, 556 

Trigeminal (semilunar) ganglion, 437 
Trigeminal nerve (N V), 267, 270, 433, 

437, 442 

Trigeminal neuralgia (tie douloureux), 

438 

Trigone, 699 

Triiodothyronine (T 3 ), 514, 522 
Trimesters, 742. See also Pregnaney 
Triquetrum, 182 
Troehanter, 124 

femur, greater/lesser, 190 
Troehlea, 124 
humerus, 177 
talus, 196 

Troehlear nerve (N IV), 265, 433, 436, 442 

Troehlear noteh, ulna, 177 

Trophoblast, 78, 743 

Tropie hormones, 511 

Tropomyosin, 242 

Troponin, 242 

True pelvis, 185 

True ribs, 167 

True voeal eords, 631 

Truncus arteriosus, 775 

Trunk 

arteries, 585-587 
lymphatie vessels, 607 
muscles, 274, 287 
veins, 593-594 
T thyroeytes, 512, 514 
T tubules (transverse tubules), 238, 243 
Tuberal area, hypothalamus, 418, 419 
Tubercle, 124 

atlas, anterior/posterior, 162 
elaviele, eonoid, 174 
femur, adductor, 193 
humerus, greater/lesser, 177 
pubic, 185 
rib, 168 

scapula, supraglenoid/ 

infraglenoid, 177 

temporal bone, articular, 143, 147 
tibia, medial/lateral, 193 
Tuberculum sellae, 149 
Tuberosity, 124 

elaviele, eostal, 174 
femur, gluteal, 193 
hip bone, iliae/isehial, 185 
humerus, deltoid, 177 
radius, radial, 177 
saemrn, saeral, 165 
tibia, tibial, 193 
Tubular glands, 58, 59 
Tubular pole, renal corpuscle, 693 


Tubulin, 35 

Tubuloacinar glands, 58 
Tubuloalveolar glands, 58 
Tumor (neoplasm), 77 
Tunica albuginea 
ovaries, 721 
testes, 711 

Tunica vaginalis, 710 
Turbinated bone, 627 
Twins, 739, 752, 790 
Tympanie eavity, 148, 480 
Tympanie duct (seala tympani), 485 
Tympanie membrane (eardmm), 147, 

480, 481 

Tympanie part, temporal bone, 147 

Tympanie reflex, 442 

Type I alveolar eells, 638 

Type II alveolar eells, 638 

Type AB blood, 533, 535 

TypeAblood, 533, 535 

Type B blood, 533, 535 

Type O blood, 533, 535 

u 

Ulcer, 668 

Ulna, 177, 180-181, 225 
Ulnar artery, 582 

Ulnar eollateral ligament, 219, 221 

Ulnar head, 177 

Ulnar nerve, 177, 371, 374 

Ulnar nerve palsy, 375 

Ulnar noteh, radius, 182 

Ulnar vein, 593 

Ultrasound, 21 

Ultraviolet (UV) radiation, 92 
Umami, 479 
Umbilical/umbilicus, 15 
Umbilical artery, 596, 746, 776 
Umbilical eord, 746, 782 
Umbilical ligament, medial/lateral, 699 
Umbilical vein, 596, 746, 776 
Unencapsulated reeeptors, 474 
Unicellular glands, 50, 56 
Unipennate muscle, 250, 251 
Unmyelinated, 347 
Upper limb, 174 
arteries, 579-582 
bones, 177-184 
eompartments, 301-302 
eross-seetional anatomy, 303 
development, 763 
joints, 225 

lymphatie drainage, 14 
muscles, 286-300 
nerves, 371-374 
surface anatomy, 330-331 
veins, 593-594 
Upper motor neurons, 391 
Upper respiratory system, 625, 627-629 
Ureteral orifiees, 699 
Ureteric bud, 784 
Ureters, 12, 688, 697, 699 
Urethra, 12, 13, 688, 701-702, 716 
Urethral folds, 785 
Urethral glands, 730 
Urethral orifiee, 701 

Urethral sphineter, internal/external, 277, 

701, 702 
Urethritis, 703 

Urinary bladder, 12, 465, 688, 699-701 
Urinary reflexes, 465, 702 
Urinary retention, 703 
Urinary system 

aging and, 702-703 
development, 751, 783-784 


functions, 688 

histology, 701 

imaging, 698 

kidneys. See Kidneys 

overview, 7, 12, 688, 690 

structures for urine transport, storage, 

and elimination, 697-7027 
urinary reflexes, 702 
Urinary traet, 688 
Urinary traet infeetion (UTIs), 703 
Urination (micturition), 465, 688, 702 
Urine, 688 

Urogenital membrane, 785 

Urogenital ridge, 783 

Urogenital sinus, 782, 784 

Urogenital triangle, 277-278 

Urologist, 706 

Urticaria, 106 

Uterine artery, 727 

Uterine eaneers, 729 

Uterine eavity, 726 

Uterine fibroids, 729 

Uterine eyele, 727-729 

Uterine part, uterine tube, 724 

Uterine prolapse, 738 

Uterine tube, 13, 719, 722, 724-725 

Uterosacral ligament, 725 

Uterus, 13 

blood supply, 727 
eaneers of, 728 

gross anatomy, 721, 722, 725-726 
histology, 727 
in pregnaney, 749, 753 
wall, 726, 727 
Utricle, 482, 483, 485 
Uvula, 629, 657 



Vagina, 13, 730, 731 

Vaginal branehes, internal iliae artery, 730 
Vaginal eanal, 730 
Vaginal fornix, 730 

Vagus nerve (N X), 268, 433, 440-441, 

442, 479 
Vallate papillae, 478 
Valves 

heart, 553, 555, 557, 560-561 
lymphatie vessels, 606 
venous, 574 

Valvular insufficiency, 555 

Valvular stenosis, 555 

Varieosity, 458 

Vasa reeta, 697 

Vasa vasomm, 568 

Vascular dementia, 443 

Vascular layer, eye, 496 

Vascular murmur, 602 

Vascular pole, 693 

Vas deferens (ductus deferens), 13, 

708, 717 
Vaseetomy, 738 
Vasoeonstrietion, 568 
Vasodilation, 568 
Vasomotor reflex, 465 
Vasopressin. See Antidiuretic 

hormone (ADH) 

Vastus intermedius, 307, 310 
Vastus lateralis, 307, 310 
Vastus medialis, 307, 310 
Veins 

abdomen, 594 
vs. arteries, 568, 570-571 
brain, 592 
functions, 10, 546 
head and neek, 592 



lndex 


851 



histology, 568, 570 

large, 571, 574 

liver, 594-596 

lower limb, 594, 595 

medium-sized, 571, 572, 574 

nutrient, 114 

pelvis, 594 

systemie circuit, 590-596 
trunk, 593-594 
upper limb, 593 
valves, 574 
venules, 571, 572 
Veins listed 
adrenal, 594 
antebraehial, 593 
arcuate, 690 
axillary, 593 
azygos, 594 
basilie, 593 
braehial, 593 
braehioeephalie, 594 
eardiae, 559 
eardinal, 776 
eentral, 678, 679 
eephalie, 593 
eerebral, 592 
eoronary, 553, 559 
eortieal radiate, 690 
cubital, 331, 593 
eystie, 596 
dental, 659 
digital, 593 

dorsal venous areh, 594 
esophageal, 594 
faeial, 592 
femoral, 594 
femoral circumflex, 594 
gastrie, 596, 663 
gastroepiploie, 663 
gluteal, 594 
gonadal, 594 
hemi-azygos, 594 
hepatie, 594, 678 
hepatie portal, 594, 678 
iliae, 594 

inferior vena eava, 553, 594 
intereostal, 594 
interlobar, kidney, 690 
jugular, 140, 592 
lumbar, 594 
maxillary, 592 
mesenterie, 595, 672 
obturator, 594 
ovarian, 594, 721 
palmar, 593 

palmar venous areh, 593 
phrenie, 594 
plantar, 594 

plantar venous areh, 594 
popliteal, 594 
pudendal, 594 
pulmonary, 554, 576 
radial, 593 
reetal, 595 
renal, 594, 690 
saeral, 594 
saphenous, 594 


splenie, 595, 618 
subcardinal, 776 
subclavian, 594 

superiorvena eava, 553, 590, 594 

temporal, 592 

testicular, 708 

thoraeie, 594 

tibial, 594 

trabecular, 619 

ulnar, 593 

umbilical, 596, 746, 776 
vertebral, 592 
Vellus hairs, 96 
Venipuncture, 331 
Venoeonstrietion, 575 
Ventral [direetion], 17 
Ventral body eavity, 4, 18 
Ventral mesentery, 781 
Ventral nuclei, thalamus, 418 
Ventral posterolateral nucleus, 

thalamus, 388 
Ventral ramus, 367 
Ventral respiratory group (VRG), 643 
Ventral root, 361 
Ventrieles 

brain, 406, 407 
heart, 546, 554-555, 560-561 
Ventricular diastole, 561 
Ventricular systole, 561 
Venules, 571, 572 
Vermiform appendix, 672 
Vermis, 422 

Vertebrae, 2, 4, 160-166 
Vertebral arehes, 158, 162 
Vertebral artery, 412, 579, 582 
Vertebral articulation, 158 
Vertebral body, 158 
Vertebral eanal, 158 
Vertebral column. See also 

Intervertebral dises 
age-related ehanges, 199 
bones, 158-166 
elinieal note, 166 
eross-seetional anatomy, 335 
curves, 158, 159 
development, 760-761 
joints, 212-214, 216 
movements, 213, 215-216 
muscles, 270-273 
regions, 158, 159, 160-166, 362 
Vertebral endplates, 213 
Vertebral foramen, 158 
Vertebral vein, 592 
Vertebra prominens, 162 
Vertebrates, 4 
Vertebroehondral ribs, 167 
Vertebroeostal joint, 216 
Vertebrosternal ribs, 167 
Vertigo, 471 

Vesico-uterine pouch, 721 
Vesicular (ehemieal) synapses, 351-352 
Vestibular complex, 483-485 
Vestibular duct (seala vestibuli), 485 
Vestibular folds, 631 
Vestibular ganglia, 485 
Vestibular glands, lesser/greater, 730 
Vestibular ligament, 631 


Vestibular nerve, 439, 485 
Vestibular nuclei, 439 
Vestibule, 439 

inner ear, 482, 483 
oral, 657 
vagina, 730 

Vestibulocochlear nerve (N VIII), 433, 

439, 442 

Vestibulo-ocular reflex, 444 
Vestibulospinal traets, 391, 395, 396, 485 
Virilism, 527 
Viseera, 18 
Viseeral, 341 

Viseeral branehes, thoraeie aorta, 585 
Viseeral layer 

pericardium (epicardium), 548 
renal corpuscle, 692-693 
Viseeral motor neurons, 350 
Viseeral motor system. See Autonomic 

nervous system (ANS) 

Viseeral peritoneum, 19, 654, 655 
Viseeral pleura, 19, 642 
Viseeral reflexes, 381, 444, 463-464 
Viseeral sensory neurons, 350 
Viseeral sensory reeeptor, 339, 341 
Viseeral surface, spleen, 618 
Viseosity, 529 
Vision. See also Eye 
brain stem in, 500 
eortieal integration, 500 
development, 750, 771 
visual pathways, 499-500 
Visual assoeiation area, 425 
Visual cortex, 42 5 
Visual pathways, 499-500 
Vitamin A, in bone growth, 118 
Vitamin B 12 , 541 
Vitamin C, in bone growth, 118 
Vitamin D 

aging and, 103 
in bone growth, 118 
Vitamin D 3 (eholeealeiferol), 118, 518 
Vitreous body (vitreous humor), 499 
Vitreous ehamber, 492 
Voeal folds, 631 
Voeal ligament, 631 
Volkmann’s (perforating) eanals, 110 
Volume of paeked red eells (VPRC), 531 
Voluntary, 341 

Voluntary muscle, 237. See also Skeletal 

muscle 
Vomer, 144, 153 
Vomiting reflex, 465 
Vulva, 730 

Vulvovaginal eandidiasis, 738 

w 

Wallerian degeneration, 350, 351 
Wandering eells, 62 
Water, in human body, 5 
Water reeeptors, 479 
Wernicke’s area, 427 
Wharton’s jelly (mucoid eonneetive 

tissue), 72 
Wheeze, 649 
Whiplash, 162 


White adipose eells, 63 
White blood eells (leukocytes; WBCs) 
abundance, 532, 534 
agranulocytes, 532, 534, 536 
eharaeteristies, 532 
functions, 65, 529, 532 
granulocytes, 532, 534, 535-536 
histology, 536 

types, 67, 530, 534, 535-536 
White eoat hypertension, 602 
White columns, anterior/posterior/lateral, 

364 

White commissure, 364 
White fat, 63 

White (fast) fibers, 248-249 
White matter 

cerebellum, 422 
eerebmm, 428-429 
definition, 341, 343 
medulla oblongata, 414 
meseneephalon, 416 
organization, 406 
pons, 415 

spinal eord, 364, 366 
White pulp, spleen, 618-619 
White ramus communicantes, 367, 454 
Whole blood, 529, 530, 531. See also Blood 
Wisdom teeth, 659 
Wormian (sutural) bone, 121, 140 
Wrapping muscle, 251 
Wrinkles, 92 
Wrist (carpus) 
bones, 182, 183 
joints, 221, 222 
ligaments, 221 
muscles, 284-297 
stability, 221 
surface anatomy, 331 

X 

Xenograft, 623 

Xiphoid proeess, sternum, 168 
X-rays, 20, 127 

Y 

Yellow marrow, 109, 541 
Yolk sae, 745, 781 
Yolk stalk, 746, 781 

z 

Zika virus, 427 

Z lines (Z dises), 241, 244, 245 
Zona fasciculata, adrenal gland, 516, 517 
Zona glomemlosa, adrenal gland, 516, 517 
Zona pellucida, 721 

Zona reticularis, adrenal gland, 516, 517 
Zone of overlap, 241 
Zygapophysial joints, 212-213 
Zygomatie areh, 147 
Zygomatie bone, 142, 144, 153 
Zygomatieofaeial foramen, 142, 153 
Zygomatie proeess, temporal bone, 

143, 147 

Zygomaticus muscle, major/minor, 264 
Zygote, 78, 708, 740 
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